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ABSTRACT 

An  ecological  study  was  carried  out  on  some  of  the  chemical, 
physical  and  biological  effects  of  a  heated  effluent  from  a  thermal 
power  plant  on  the  north-east  end  of  Lake  Wabamun,  from  June  1968 
to  September  1970.  Lake  Wabamun  is  a  shallow,  silt  bottom,  hardwater 
eutrophic  lake. 

Thirteen  stations  were  sampled.  Seven  of  these  were  in  the 
vicinity  of  the  heated  water  from  the  outlet  canal  and  experienced 
temperature  increases  of  varying  degrees  depending  upon  their  distance 
from  the  canal,  prevailing  winds  and  currents.  Four  stations  were 
located  near  the  inlet  canal.  The  control  station  was  established  near 
the  south  shore  of  the  lake  and  the  remaining  station  was  located  near 
the  west  end  of  the  lake.  Maximum  normal  lake  temperature  was  20.4  C. 
and  a  maximum  of  29.0  C.  was  recorded  in  the  heated  area  (at  station  2). 
A  maximum  temperature  of  31.8  C.  was  recorded  in  the  outlet  canal. 

On  calm  days  the  heated  effluent  floated  as  a  plume  on  top  of 
the  cooler,  denser  lake  water  and  this  prevented  the  foimation  of  ice 
during  winter  over  about  5%  of  the  lake  in  this  region.  Oxygen  concen¬ 
trations  in  the  open  water  were  generally  higher  than  in  water  under 
the  ice.  Light  intensity  was  also  greater  in  open  water  than  under  a 
snow-ice  cover  where  only  5.7%  of  the  incident  light  penetrated  the 
water  on  April  9,  1969.  Cevativm  hirundinella  was  found  to  show  least 
preference  for  the  warmest  water  but  was  found  in  greatest  numbers  at 
slightly  elevated  temperatures  with  an  optimum  at  21.9  C. 
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In  general,  rotifers  were  the  most  abundant  zooplankters  in  the 
lake  and  47  species  were  identified.  The  nine  most  common  species  were 

analysed  in  greatest  detail  to  determine  whether  the  heated  water  had  any 
effect  on  the  adults  and  eggs.  Kellioottia  tongispina  and  Kevatelta 
hiemdlis  wjqtq  the  only  two  species  that  produced  eggs  and  survived  as 
adults  over  the  0  -  29  C.  temperature  range.  Asplanohna  pviodonta,  a 
carnivore  producing  live  young,  survived  over  the  same  temperature  range. 
Adults  of  Kevatelta  ooohleavis  survive  the  0  -  29  C.  temperature  range 
but  eggs  were  produced  only  between  temperatures  of  9.8  -  26.6  C.  Eggs 
were  rarely  seen  in  Polyavthva  vulgaris  but  adults  were  found  in  the 
0  -  26.6  C.  range.  Adults  of  Keratella  eavlinae  occurred  at  temperatures 
from  0  -  26.5  C.  but  egg  production  was  limited  to  a  narrow  range  from 
16.5  -  26.5  C.  The  colonial  species  Conoohilus  unicornis  occurred  during 
the  summer  at  temperatures  from  9.8  -  25.6  C.  Notholoa  acuminata  and 
Filinia  longiseta  survived  temperatures  from  0  -  22.4  C. ,  although  eggs 
of  the  latter  species  occurred  only  from  12.0  -  22.4  C.  All  these  species 
tolerated  temperatures  up  to  2.0  C.  higher  than  the  maximum  normal  lake 
temperature  of  20.4  C.  It  was  concluded  that  temperatures  in  excess  of 
22.4  C.  are  detrimental  to  the  rotifers  in  Lake  Wabamun.  The  heated  north¬ 
east  end  of  the  lake  is  regarded  as  being  thermally  polluted  at  temperatures 
above  22.4  C. 

Populations  of  Kellicottia  longispina^  Filinia  longiseta  and 
Keratella  cochlearis  show  an  increased  rate  of  population  change  with 
increased  temperature.  Populations  of  Keratella  hiemalis  have  a  decreased 
rate  of  change  with  increased  temperature. 
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Data  examined  for  six  less  common  species  of  rotifers  suggests 
that  there  is  greater  species  diversity  in  the  heated  area. 
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Fig.  13.  Vertical  temperature  (C.)  profile  near  outlet 
canal,  July  5,  1968,  along  two  transects,  a 
and  measured  in  meters  in  the  directions 
indicated  by  arrows  on  map.  Depth  scale  is  same 
for  a  and  h.  Abscissae  represent  distance  (in 
meters)  from  start  of  transects  a  and  b.  .  .  . 


Fig.  14.  Vertical  temperature  (C.)  profile  near  Point 
Alison  and  outlet  canal,  July  19,  1968. 
Abscissa  represents  distance  (in  meters)  from 
start  of  transect  in  direction  indicated  by 
arrow  on  map  . 


Fig.  15.  a.  Vertical  temperature  (C.)  profile  near  Point 

Alison  and  outlet  canal,  July  24,  1968, 
along  a  linked  transect  with  an  angular 
break  as  indicated  on  map.  Abscissa  represents 
distance  (in  meters)  along  linked  transect. 
Serrated  line  represents  bottom  mud. 

h.  Vertical  temperature  (C.)  profile  at  station 
4.  Ordinate  has  same  depth  scale  as  a.  ... 


Fig.  16.  Vertical  temperature  (C.)  profile  from  outlet 
canal  to  Moonlight  Bay,  Aug.  12,  1968,  along 
linked  transects  with  angular  breaks  as  indicated 
on  map.  Abscissa  represents  distance  (in  meters) 
along  linked  transects.  Serrated  line  represents 
bottom  mud  . 
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Fig.  17.  Vertical  temperature  (C.)  profile  from  south-east 
shore  of  Kapasiwin  Bay  to  outlet  canal,  Aug.  15, 
1968.  Abscissa  represents  distance  (in  meters) 
along  linked  transects.  Serrated  line  represents 
bottom  mud . 

Fig.  18.  Vertical  ten^erature  (C.)  profile  from  Point 
Alison  to  inlet  canal,  Aug.  15,  1968,  along  a 
linked  transect  with  an  angular  break  as  indicated 
on  map.  Abscissa  represents  distance  (in  meters) 
along  linked  transects.  Serrated  line  represents 
bottom  mud . 

Fig.  19.  Vertical  temperature  (C.)  profile  from  inlet 
canal  to  mouth  of  inlet  canal  to  Point  Alison, 

June  6,  1969,  along  linked  transects  with  angular 
breaks  as  indicated  on  map.  Abscissa  represents 
distance  (in  meters)  along  linked  transects. 
Serrated  line  represents  bottom  mud . 
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Fig.  20.  Vertical  temperature  (C.)  profile  from  inlet 
canal,  July  18,  1969,  along  linked  transects 
with  angular  breaks  as  indicated  on  map. 

Abscissa  represents  distance  (in  meters) 

along  linked  transects.  Serrated  line  represents 


bottom  mud .  44 

Fig.  21.  Snow  and  ice  measurements  during  winters  of 

1968-1969  and  1969-1970  .  47 


Fig.  22.  Map  of  east  end  of  Lake  Wabamun  showing  changes 
in  shape  and  extent  of  open  water,  prevailing 
winds  in  the  area,  Jan.  1969  to  Feb.  1970. 
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Q,  Dec.  1969  (Monthly  mean  temperature  +  20.0®F) 
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INTRODUCTION 


As  human  populations  continue  to  multiply,  the  need  for  recrea¬ 
tional  areas  of  a  relatively  unspoilt  nature  increases  from  year  to  year. 
Unfortunately,  the  ever- rising  numbers  of  people  continually  increase 
the  demands  for  waters  not  only  for  fishing  and  boating  but  also  for  a 
source  of  electricity  to  provide  their  cities  and  towns  with  light  and 
power,  as  well  as  places  to  dump  their  industrial  and  domestic  wastes. 

In  Alberta,  Lake  Wabamun  has  not  escaped  the  influence  of  man’s  activities 
in  western  Canada.  In  1961,  a  thermal  plant  operated  by  Calgary  Power 
Ltd.  commenced  production  of  electricity  and  in  the  process  sent  432 
million  gallons  per  day  of  heated  water  into  the  lake. 

In  the  past  few  years  the  word  ’pollution’  has  become  commonplace 
in  newspaper  articles  and  more  recently  it  has  not  been  unusual  to  hear 
of  the  thermal  pollution  of  rivers  and  streams.  However,  less  seems  to 
have  been  known  of  the  ecological  effects  of  thermal  pollution  on  lakes. 
Wheelock  (1969),  in  conjunction  with  this  study,  produced  a  thesis  on 
the  phytoplankton  ecology  of  Lake  Wabamun.  The  present  investigation 
was  carried  out  in  order  to  discover  the  extent  of  influence  of  the 
thermally  heated  zone.  This  lake  is  considered  eutrophic  particularly 
evident  at  the  shallower  east  end  where  the  heated  effluent  is  discharged. 
Concomitantly,  seasonal  changes  were  followed  in  both  the  chanical  and 
physical  limnology  in  the  heated  area  and  in  the  unaffected  part  of  the 
lake.  A  comparison  was  made  between  these  areas  in  an  attempt  to  discover 
what,  if  any,  changes  were  brought  about  by  the  addition  of  thermally 
heated  effluent  into  the  lake.  Biological  changes  were  monitored  also, 
with  the  greatest  emphasis  and  concentration  placed  on  effects  of  temper¬ 
ature  on  the  egg  production  of  the  Rotifera.  Little  work  was  carried  out 
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on  the  effects  of  heated  water  on  fish  because  it  was  felt  that  their 
powers  of  locomotion  would  help  th«K  to  avoid  the  heated  area  if  they 
chose  to  do  so,  or  in  the  case  of  the  predator  fishes,  to  pursue  their 
prey  into  the  thermally  heated  zone  and  then  retreat  from  it  should  it 
be  unfavourable. 

It  is  hoped  that  the  results  of  this  study  will  help  to  elucidate 
some  of  the  ecological  effects  of  thermal  pollution  on  the  fauna  of  a 
lake,  particularly  the  rotifers,  and  also  to  provide  a  foundation  on 
which  to  base  continuing  limnological  investigations  in  this  most  inter¬ 
esting  field.  The  study  may  also  be  of  some  help  in  guiding  further 
investigations  dealing  with  changes  which  will  be  brought  about  by  the 
opening  of  a  second  power  plant  on  the  lake  late  in  1970. 
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DESCRIPTION  OF  STUDY  AREA 


Lake  Wabamun  is  situated  about  50  km.  west  of  Edmonton  and  approx¬ 
imately  1.5  km.  south  of  Highway  16  (Fig.  1).  The  lake's  geographic 
coordinates  are  from  114°26'  to  114°44'  west  longitude  and  53"30'  to 
53®34'  north  latitude. 

Physiographically  the  area  is  an  upland  plain  of  low  relief  (Wyatt 
et  al.,  1930),  with  an  elevation  of  2371  feet  at  the  lake  surface.  There 
is  an  eastward  development  of  Tertiary  sandstone  and  shales  known  as  the 
Paskapoo  formation  extending  between  Isle  Lake  and  Lake  Wabamun  (Rutherford, 
1928;  Wyatt  et  al . ,  1930).  The  massive  sandstones  of  the  Paskapoo  are 
often  50  feet  thick  and  are  well  exposed  in  the  Fallis  region  and  north 
of  Seba  Beach  (Rutherford,  1928).  Wabamun  Lake  is  underlain  by  the 
Edmonton  formation  which  is  Cretaceous  sandstone  (Wyatt  et  al.,  1930). 

A  coal  seam,  which  is  located  about  90  feet  above  the  level  of  the 
water  on  the  north  side  of  the  lake,  is  worked  by  strip  mining  and  has 
been  in  operation  since  1913,  and  is  at  least  25  feet  thick  (Rutherford, 
1928).  On  the  south  side  of  the  lake  the  seam  is  at  water  level. 

The  topography  of  the  area  is  undulating  and  rolling  since  glacial 
times  and  as  a  result  the  region  contains  a  fairly  large  water  surface  in 
the  form  of  lakes  such  as  Lac  Ste.  Anne,  Isle  Lake  and  Wabamun  Lake.  The 
latter  is  drained  intermittently  into  the  North  Saskatchewan  River  by  a 
short  channel  called  Wabamun  Creek  (Fig.  2).  The  North  Saskatchewan 
River  flows  northward,  joining  other  bodies  of  water  before  entering 
Hudson  Bay.  Lake  Wabamun  originally  drained  into  the  same  channel  that 
drains  Isle  Lake  and  Lac  Ste.  Anne,  by  means  of  an  old  channel  that  ran 
north  and  east  from  Lake  Wabamun  (Wyatt  et  al.,  1930).  This  creek  has 
since  dried  up. 
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Fig.  1. 
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Map  of  Edmonton  area  showing  location  of  Lake  Wabamun. 


kilometers 


5 


Fig.  2. 


Map  of  Lake  Wabamun  showing  location  of  sampling 
stations  (1  -  13),  and  Wabamun  Creek. 
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There  is  some  evidence  that  Chip  Lake,  Isle  Lake,  and  Lac  Ste.  Anne 
are  all  remnants  of  a  continuous,  long,  narrow  body  of  water  with  an 
east-west  trend  (Rutherford,  1930). 

The  climate  of  the  Edmonton  area  is  described  as  being  cold  temper¬ 
ate  (Anon.,  1969)  and,  in  general,  the  Wabamun  Lake  district  experiences 
the  same  type  of  weather.  It  is  characterised  by  having  long,  bright, 
and  moderately  warm  summer  days  and  bright,  cold,  dry  winter  weather 
(Kendrew  and  Currie,  1955).  The  weather  data  for  the  study  period  were 
obtained  from  the  meteorological  station  of  the  Dominion  Dept,  of  Transport 
at  Stony  Plain  which  is  approximately  15  km.  east  of  Lake  Wabamun.  Table 
1  shows  the  monthly  means  for  temperature,  total  precipitation,  and  mean 
wind  speed  and  direction. 

The  year  1968  had  a  mean  summer  temperature  close  to  average  mean 
but  autumn  temperatures  were  below  normal.  In  1969  the  area  had  a  very 
cold  winter,  warm  and  dry  spring  and  early  summer,  followed  by  a  cool  wet 
fall  with  a  mild  November  and  December  (Anon.,  1969).  A  cold  period  in 
January,  1969  was  the  longest  period  of  continuous  sub-zero  weather  on 
record.  The  winter  of  1969-70  was  a  comparatively  mild  one,  and  it  was 
followed  by  a  warm,  fairly  wet  summer.  About  two-thirds  of  the  average 
annual  precipitation  (18.64  inches)  in  the  area  falls  during  the  growing 
season  of  spring  and  summer. 

A  large  area  of  silt  loam  (wooded  soil)  is  situated  south  of  Lake 
Wabamun,  with  a  small  area  north  of  the  east  end  of  the  lake.  One  area 
of  sandy  loam  is  located  south  of  Seba  Beach  in  undulating  rolling  country 
with  many  grass  sloughs  and  is  too  rough  to  be  of  much  agricultural  value 
(Wyatt  et  al.,  1930).  Only  a  small  part  of  the  area  is  cultivated, 
usually  the  black  soil  belt,  with  most  of  the  farming  being  carried 
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Table  1.  Some  meteorological  conditions  for  the  Lake  Wabamun  Region,  1968-70.  (Data  from  Department  of 
Transport,  Weather  Office,  Stony  Plain.) 
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out  south  of  the  lake. 

The  Wabamun  Lake  area  is  situated  on  the  west  side  of  the  Boreal- 
Parkland  Transition  zone  of  Moss  (1955) .  The  dominant  tree  species  in 
this  region  are  the  white  or  aspen  poplar  (Populus  tremuloides)  and  the 
balsam  or  black  poplar  (P.  balsamifeva) .  The  white  poplar  is  regarded 
as  the  climax  species  of  the  main  parkland  of  Alberta  (Moss,  1932). 

The  entire  poplar  vegetation  of  central  and  northern  Alberta  is 
regarded  as  an  association  within  which  white  and  balsam  consociations 
occur  (Moss,  1932).  In  the  Wabamun  location  species  characteristic  of 
both  consociations  are  found. 
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MATERIALS  AND  METHODS 


Physical  and  Chemical 

Water  samples  were  analysed  chemically  and  physically  every  week 
during  the  summers  of  1968  and  1969,  monthly  during  the  summer  of  1970, 
and  twice  monthly  during  the  fall  of  1968  and  winter  of  1968-69  (Appen¬ 
dix).  The  water  samples  were  taken  with  a  Kemmerer  two-litre  water 
bottle  at  stations  4  and  13  (Figs.  2  and  3).  In  addition,  water  samples 
were  taken  from  the  inlet  and  outlet  canals  during  the  winter  and  summer 
of  1969  using  the  same  instrument.  Occasional  samples  were  also  taken 
from  the  Building  Products  (B.P.)  plant  (Fig.  3). 

The  water  samples  were  analysed  using  a  Hach  model  DR-EL  Portable 
Water  Engineer’s  Laboratory  Kit.  In  addition,  duplicate  samples  were 
analysed  by  the  Alberta  Provincial  Analyst,  Edmonton.  Dissolved  oxygen 
was  determined  using  the  modified  Azide- Winkler  method  of  the  Hach  Kit. 
Five-day  Biochemical  Oxygen  Demand  (B.O.D.)  determinations  were  made  by 
the  Environmental  Health  Services  Laboratory,  Edmonton.  The  specific 
conductance  of  the  water  was  measured  with  a  Beckman  RB  3  battery-operated 
Solu  Bridge  adjusted  to  25  C.  Hydrogen  ion  concentration  was  determined 
using  the  Hach  Kit  and  a  Beckman  pH  meter. 

On  August  29,  1968,  the  water  velocity  of  the  outlet  canal  was 
recorded  using  a  Gurley  No.  665  Direct  Reading  Current  Recorder.  Light 
penetration  was  recorded  at  stations  4  and  13  on  April  9  and  June  27, 

1969  using  a  Submarine  Photometer  series  268  WA.  Percentage  transmission 
was  recorded  with  a  Transmissometer,  Model  410-BR,  and  underwater  sensor 
Model  411.  Air  temperatures  were  recorded  using  a  mercury  thermometer. 
Water  temperatures  were  recorded  using  a  Model  ET  100  Interchangeable 
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Fig.  3.  Map  of  the  east  end  of  Wabamun  showing  location  of 
sampling  stations  (1  -  11)  in  relation  to  the  inlet 
and  outlet  canals. 
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Range  Linear  Thermometer  (Applied  Research,  Austin).  Horizontal  temper¬ 
ature  profiles  were  recorded  using  the  ET  100  thermistor  linked  to  a 
Rustrak  Miniaturised  Automatic  Chart  Recorder  with  amplifier  and  using 
a  Trav-Electric  Model  50-160  Inverter  as  a  source  of  power.  On  August  5, 
1969,  a  Ryan  Model  D-30  Thermograph  with  a  temperature  range  of  0  -  30  C. , 
was  installed  east  of  the  B.P.  plant  in  the  outlet  canal  (Fig.  3)  and 
was  removed  on  August  28,  1969.  On  August  17,  1969,  the  surface  temper¬ 
ature  of  the  lake  was  recorded  by  means  of  remote  sensing  equipment  on 
board  a  North  Star  aircraft  operated  by  the  National  Aeronautical 
Establishment,  Ottawa,  under  the  direction  of  Dr.  Neil  de  Villiers.  On 
the  same  date  relative  humidity  was  measured  at  one  meter  above  the  water 
surface  by  means  of  a  sling  psychrometer  and  wind  speed  was  recorded  using 
a  portable  wind  gauge. 

During  the  winter  of  1968-69  ice  thickness  was  measured  with  a 
meter  stick.  Water  levels  were  recorded  regularly  during  the  ice-free 
periods  of  1968-69  by  measuring  the  changes  in  level  on  a  marked  white 
board  which  was  attached  to  the  west  side  of  the  wharf  at  Wabamun. 

Biological 

Mud  samples  were  collected  at  monthly  intervals  or  sometimes  more 
often,  at  stations  4  and  13  from  June  1968  through  August  1969,  using  a 
225  cm^.  Ekman  dredge.  The  samples  were  returned  to  the  laboratory  in 
plastic  bags  and  were  then  washed  through  two  brass  mesh  screens.  The 
uppermost  screen  was  a  0.841  mm.  mesh  and  the  lowermost  was  a  0.595  mm. 
mesh  Canadian  Standard  Sieve.  The  organisms  found  in  the  residue  were 
preserved  in  70%  alcohol.  Subsequently,  the  organisms  were  counted  and 


identified. 
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Ecological  analyses  of  the  macrophyte  vegetation  were  mainly 
carried  out  by  members  of  the  Botany  Department  during  the  summers  of 
1969  and  1970  and  are  only  briefly  mentioned  in  this  study. 

During  August  1968,  some  netting  of  fish  was  carried  out  at 
various  locations  using  gill  and  seine  nets. 

In  order  to  sample  the  surface  fauna  a  neuston  net  modified  from 
the  design  of  David  (1965)  was  built  (Plates  1  and  2) .  The  floating 
sampler  had  dimensions  approximately  half  the  size  of  the  six  foot  long 
sea-going  model  of  David.  The  net  used  in  the  lake  had  a  No.  20  bolting 
silk  with  the  cup  from  a  Wisconsin  net  attached  to  the  end  of  the  net  for 
easy  removal.  The  net  was  supported  upon  the  wooden  crossbeams  by  means 
of  a  brass  bar.  The  apparatus  was  used  for  sampling  during  the  summer, 
fall  and  early  winter  of  1969,  in  the  inlet  and  outlet  canals  and  at 
station  12  (Sundance) .  The  instrument  was  launched  from  an  anchored 
boat  and  towed  along  the  water  by  means  of  a  winch  and  a  long  nylon  rope, 
the  winch  being  placed  100  m.  away  on  the  bank  or  shore  and  the  net  pulled 
onto  the  shore  by  winding  up  the  winch.  In  each  case  a  stop-watch  was  used 
to  time  the  100  m.  haul.  The  net  samples  taken  from  the  canals  could  not 
be  directly  compared  with  those  of  station  12  unless  a  correction  was  made 
to  allow  for  the  currents.  The  samples  taken  for  station  12,  on  the  other 
hand,  were  collected  on  undisturbed  (apart  from  wind  action)  lake  water. 

The  neuston  net  at  the  mouth  had  an  area  of  200  cm^.  (25x8  cm^.)  so  that 
in  undisturbed  water  a  100  m.  tow  would  sample  a  total  of  2.0  m^.  of  water 
by  volume.  Obviously,  with  an  added  current  a  greater  volume  of  water 
would  be  sampled.  For  example,  a  current  near  the  bridge  of  both  canals 
had  an  average  velocity  of  0.2  m/sec.,  and  a  100  m.  tow  which  took  4  minutes 
would  in  fact  be  sampling  about  150  m.  (the  extra  50  m.  being  attributed  to 
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Plate  1. 


Plate  2. 


i 


Neuston  net  mounted  on  wooden  crossbeams.  Also  shown 
are  winch  and  nylon  rope  (by  R.  Egedahl) . 


Neuston  sampler  afloat,  showing  attachment  of  net  to 
wooden  crossbeams  (by  R.  Egedahl). 
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the  current  passing  through  the  net  in  4  minutes)  although  the  net  had 
gone  only  100  m.  in  actual  measured  distance.  The  actual  volume  of  water 
passing  through  the  net  in  this  instance  was  3.00  m^. 

In  all  three  areas  the  samples  taken  were  washed  into  labelled  jars 
and  brought  up  to  200  ml.  with  distilled  water  in  the  case  of  the  samples 
to  be  examined  in  vvoo\  200  ml.  of  90%  alcohol  was  added  to  the  remaining 
samples.  In  the  laboratory  three  separate  1  ml.  sub-samples  were  taken 
immediately  after  thoroughly  shaking  the  jar,  and  placed  in  a  5  ml.  cell 
with  4  ml.  of  distilled  water  added  to  each  sub-sample.  All  the  Rotifera 
and  Protozoa  (the  latter  examined  in  fresh  unpreserved  samples)  were 
counted  and  identified  using  an  M  40  Wild  Inverted  Microscope.  The 
average  number  for  the  three  sub-samples  was  taken  and  the  total  numbers 
of  organisms  in  each  sampling  area  were  calculated  and  tabulated. 

In  an  attempt  to  discover  the  effects  of  temperature  and  currents 
on  the  distribution  of  plankton  organisms  (particularly  the  Rotifera) 
and  also  to  compare  the  heated  and  unheated  areas,  a  series  of  transects 
radiating  out  from  the  inlet  and  outlet  canals  (stations  1  -  11,  Fig.  3), 
with  a  control  station  at  Sundance  (station  12),  were  used.  This 
intensive  sampling  program  began  on  January  31,  1970,  and  was  completed 
on  August  27,  1970.  To  carry  out  this  study  an  Edson  diaphragm  pump 
(Plates  3  and  4)  was  used  as  it  was  found  to  have  some  advantages  over 
other  sampling  methods,  such  as  its  ease  of  manipulation  and  carrying 
and  the  fact  that  the  flexible  hose  can  be  readily  lowered  to  the  desired 
depth  in  order  to  sample  a  localised  area.  Sampling  was  carried  out 
twice  monthly  during  winter  and  early  spring  and  weekly  from  late  spring 
onwards . 

From  January  to  mid-May  a  plexiglass  flange  12  inches  (30.5  cm.) 
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Plate  3. 


Plate  4. 


Edsori  diaphragm  pump  with  flexible  hose  and  6  inch 
(15.25  cm.)  diameter  plexiglass  flange  (by  R.  Egedahl). 


Edson  diaphragm  pump  showing  the  12  inch  (30.5  cm.)  and 
6  inch  (15.25  cm.)  plexiglass  flanges.  The  flange  halves 
are  separated  by  a  1  inch  (2.5  cm.)  space  through  which 
water  is  drawn  by  suction  (by  R.  Egedahl). 
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with  a  1  inch  (2.5  cm.)  space  between  the  flange  halves  was  used  with 
a  2  inch  (5,0  cm.)  rubber  hose.  Two  lengths  of  rubber  hose  were  used 
on  the  intake  and  these  were  joined  by  male  and  female  couplings  and  the 
samples  were  taken  at  0,  0.5,  1.0,  and  1.5  m.  depths  at  the  various 
stations.  One  3  foot  (90  cm.)  length  of  hose  was  attached  to  the  outlet 
of  the  pump  and  the  end  of  the  pump  was  directed  into  the  mouth  of  a 
No.  20  bolting  silk  Wisconsin  net  while  the  pumping  was  in  progress. 
Pumping  was  continued  until  10  litres  of  water  had  passed  through  the 
pump  and  net  into  a  calibrated  container.  This  procedure  was  carried  out 
at  each  depth  at  the  12  stations  and  in  each  case  the  organisms  were 
transferred,  by  washing  with  95%  alcohol,  from  the  net  into  labelled 
snap-cap  vials  until  50  ml.  of  concentrated  sample  was  obtained.  For 
comparative  purposes  an  occasional  larger  sample,  e.g.,  20  or  30  litres, 
was  taken  from  the  lake  with  the  pump. 

It  was  decided  that  a  more  flexible  rubber  hose  with  a  smaller 
diameter  would  be  more  effective  than  the  2  inch  (5.0  cm.)  diameter 
hose  and  so  in  mid-May  a  plexiglass  flange  with  a  6  inch  (15.25  cm.) 
diameter,  with  a  1  inch  (2.5  cm.)  space  between  the  flange  halves,  was 
attached  to  a  length  of  hose  with  a  diameter  of  1  inch  (2.5  cm.).  The 
lengths  of  hose  were  again  joined  by  male  and  female  couplings  and 
precisely  the  same  sampling  procedure  was  carried  out  at  the  same  depths 
and  at  the  same  12  stations  used  with  the  larger  diameter  rubber  hose. 

The  number  of  depths  sampled  in  the  heated  zone  by  this  method  gradually 
decreased  as  rapid  and  extensive  weed  growth  continued  during  the  summer 
until  some  stations  could  only  be  sampled  at  the  surface. 

The  mean  coefficient  of  variation  for  the  method  used  to  enumerate 
numbers  of  rotifers  during  the  investigation  period  was  18.3%. 
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Edmondson  (1946)  developed  a  method  for  estimating  the  rate  of 
change  of  population  which  was  used  in  this  study.  To  calculate  the 
rate  of  change,  numbers  for  two  successive  sampling  dates  are  taken. 

The  difference  in  numbers  between  the  two  sampling  dates  is  expressed 
as  a  percentage  of  the  initial  number.  This  percentage,  divided  by 
the  number  of  days  between  the  two  successive  sampling  dates,  gives 
the  rate  of  change  in  terms  of  per  cent/day.  The  procedure  is  repeated 
from  one  sampling  date  to  the  next.  Population  increases  are  given  a 
positive  sign;  population  decreases  are  given  a  negative  sign. 
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PHYSICAL  CHARACTERISTICS 


Morphometry 

» 

Wabamun  Lake  is  oriented  in  an  east-west  direction  which  is  in 
line  with  the  prevailing  winds  in  the  area.  An  exposed,  rocky  shore  in 
Goosequill  Bay  (Plate  5)  contrasts  strikingly  with  a  sheltered,  heavily 
weeded  shore  characteristic  of  the  richly  silted  Kapasiwin  Bay  (Plate  6). 

Wabamun  Lake  has  a  surface  area  of  82,5  km^.,  having  a  maximum 

length  of  19.2  km.  (Table  2).  A  map  (Fig.  4)  showing  the  contours  of 
the  lake  indicates  the  relief  from  east  to  west  to  be  relatively  gentle. 
The  east  end  is  shallowest,  and  this  fact  may  be  attributed  to  the  build¬ 
up  of  sediments  caused  by  the  prevailing  west  or  north-west  winds.  The 
lake  is  shallow,  having  a  maximum  depth  of  11.6  m. 

The  shoreline  development,  which  is  a  measure  of  the  irregularity 
of  a  shoreline,  of  Lake  Wabamun  is  1.83.  This  value  represents  relatively 
regular  shoreline  compared  to  the  more  irregularly  shaped  Beaver  Lake 
which  has  a  value  of  4.18  (Pinsent,  1967).  Other  morphometric  measure¬ 
ments  are  found  in  Table  2. 

The  water  level  in  Lake  Wabamun  varied  by  about  30  cm.  during 
the  course  of  the  study  (Fig.  5) ,  the  greatest  rise  in  level  being 
recorded  in  spring  and  being  attributed  to  melted  snow  and  ice.  The 
lake  level  dropped  gradually  during  the  summer  periods  mainly  through 
evaporation.  An  increased  rate  of  evaporation  occurs  in  the  heated  zone 
because  of  the  elevated  temperatures  and  this  phenomenon  is  visibly 
noticeable  in  winter  when  the  evaporating  water  on  contacting  very  cold 
air  becomes  a  thick  fog  in  this  area.  However,  despite  the  added  rate 
of  evaporation  since  the  opening  of  the  power  plant  in  1961  the  level  of 
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Plate  S. 


Plate  6. 


Exposed  rocky j  east  shore  of  Goosequili  Bay. 


Sheltered  heavily  weeded  north  shore  of  Kapasiwin  Bay. 
The  mouth  of  the  outlet  canal  is  located  on  mid-right- 
hand  side  of  the  photograph. 


Table  2.  Some  morphometric  measurements  of  Wabamun  Lake.  (South 
end  of  Goosequill  Bay  is  cut  off  by  a  railroad  causeway 
and  is  no  longer  an  effective  part  of  the  lake  and  is 
omitted  here.) 


Surface  area 
Shoreline  length 
Shoreline  development 
Volume 

Maximum  depth 

Mean  depth 

Mean  depth 
Maximum  depth 

Maximum  effective  length 

Maximum  effective  width 

Mean  width 

Drainage  basin 


32.5  km.^ 
57.3 

1.83 

0.455  km. 3 

11.6  m. 

5.4  m. 

0.47 

19.2  km. 

6.6  km. 

4.3  km. 
372.4  km. 2 


Elevation 


722.7  m. 
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Fig.  4. 
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Hydrographic  map  of  Lake  Wabamun. 
Government  of  Alberta) 


(Provincial 


22 


<1 


Fig.  5.  Water  level  fluctuations  in  Lake  Wabamun, 
Measurements  taken  at  Wabamun  Town  Pier, 
only  part  of  winter  due  to  heated  water. 


1968-1969. 
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the  lake  has  not  dropped  and  in  fact  that  water  level  is  more  constant 
than  in  comparable  lakes  in  central  Alberta  such  as  Pigeon  Lake,  Gull 
Lake  and  Sylvan  Lake  where  the  lake  levels  have  been  dropping  steadily 
since  about  1954  (Fig.  6).  It  remains  to  be  seen  if  the  second  power 
plant  on  Lake  Wabamun  (commenced  production  late  in  1970)  will  alter 
the  fairly  constant  levels  the  lake  is  now  experiencing. 

Turbidity 

Turbidity  is  greatest  during  the  open  water  season  (Fig.  7,  Table 
3) ,  and  the  high  summer  readings  may  be  attributed  to  the  presence  of 
increased  numbers  of  phyto-  and  zooplankton  organisms  (Ruttner,  1963; 
Hutchinson,  1967).  Strong  winds  or  heavy  rains  will  also  add  to  the 
turbidity  (Hutchinson,  1967)  and,  in  fact,  the  highest  reading  (46  JTU) 
was  recorded  after  a  wet  stormy  day.  Under  ice  suspended  material 
contributing  to  the  turbidity  gradually  settles  out  and  the  transparency 
of  the  water  increases  slowly.  In  the  heated  zone  the  lake  is  unfrozen 
in  winter  and  in  this  area  the  turbidity  is  also  low  because  of  the 
relative  scarcity  of  planktonic  organisms  during  that  period.  The  mean 
value  for  turbidity  at  station  4  was  19.1  JTU  which,  as  expected  because 
of  the  lack  of  an  ice  cover  there,  is  higher  than  the  overall  mean  of 
17.1  JTU  at  station  13.  The  mean  winter  turbidity  under  ice  at  station 
13  was  5  JTU  (in  the  period  from  Dec.  6  to  April  28)  compared  to  the 
value  of  6  JTU  at  the  unfrozen  station  4. 

Transparency 

The  range  of  Secchi  disc  readings  are  given  in  Table  4.  The 
highest  readings  were  recorded  on  June  3,  1970,  during  a  period  of  very 
warm,  sunny  and  windless  weather.  The  phytoplankton  content  of  the  water 
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Fig.  6.  Water  level  fluctuations  in  Lake  Wabamun,  Pigeon  Lake, 
Gull  Lake  and  Sylvan  Lake,  1908-1969.  (Provincial 
Government  of  Alberta) 
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Fig.  7. 
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Comparison  of  changes  in  turbidity  in  surface  water 
at  stations  4  and  13,  1968-1969. 
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Table  3.  Turbidity  at  Stations  4  and  13,  in  Jackson  Turbidity  Units, 
1968-69. 


Year  Date  _ _ JTU _ 

(Heated)  (Unheated) 
#4  #13 


1968 


1969 


May 

15 

14 

-- 

If 

22 

5 

3 
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30 

17 

15 

June 

11 

15 

11 

II 

18 

25 

23 

ft 

26 

23 

23 

July 

3 

27 

25 

If 

9 

22 

20 

11 

16 

34 

32 

II 

23 

35 

33 

II 

31 

30 

38 

Aug. 
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46 

38 

If 

13 

38 

28 

M 

21 
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39 
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27 
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Sept 

.  4 

32 

34 

II 
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Oct. 
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14 
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10 
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Nov. 

11 
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0 

Dec. 

6 
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10 

If 

19 

5 

10 

Jan. 

17 

.  — 
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Feb.  5 
"  19 

Mar.  8 
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Ice-free 

period 


5 

5 

5 

5 


0 

0 

0 

5 


Ice-cover 

period 
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Table  4.  Secchi  disc  readings,  1970 


Date 

Location 

Depth 

May  14 

#3 

2.0  m. 

Inlet 

2.0  m. 

Outlet 

1.0  m. 

May  21 

#4 

1.3  m. 

#5 

1.3  m. 

#8 

2.0  m. 

#9 

1.7  m. 

#12 

1.0m. 

June  3 

#3 

3.0  m. 

#8 

3.0  m. 

#9 

3.1  m. 

#12 

3.5  m. 
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was  low  at  this  particular  period  which  was  also  important  in  contribu¬ 
ting  to  the  transparency.  The  Secchi  disc  readings  are  only  an  approxi¬ 
mate  index  of  transparency  and  are  influenced  by  local  weather  conditions 
(Welch,  1948). 

The  Secchi  disc  readings  measured  for  Lake  Wabamun  were,  in  general, 
higher  than  those  recorded  by  Kerekes  (1965)  in  five  more  shallow  lakes 
in  Alberta.  Pinsent  (1967)  found  the  Secchi  disc  visibilities  of  Lac 
La  Biche  and  Beaver  Lake  to  vary  between  1.5  and  2.0  metres. 

Light  Intensity 

The  light  intensity  (in  per  cent  transmission)  was  measured  towards 
the  end  of  winter  (April  9,  1969)  and  again  in  summer  (July  8,  1969)  at 
stations  4  and  13  (Figs.  8  -  10).  The  large  differences  in  the  relative 
transmission  of  light  of  different  spectral  qualities  seen  in  the  graphs 
is  influenced  by  many  factors,  including  differences  in  suspended  mater¬ 
ials,  amount  of  phytoplankton,  etc.  (Greenbank,  1945). 

In  winter.  Lake  Wabamun  has  relatively  clear  water  and  under  these 
conditions  light  in  the  green  portion  of  the  spectrum  is  transmitted  in 
the  greatest  amount  (Figs.  8  -  10).  Water  is  clearer  under  the  ice  at 
station  13  than  in  the  open  water  at  station  4,  and  hence  the  vertical 
attenuation  is  much  reduced  at  station  13. 

Because  of  the  increase  in  phytoplankton  and  turbidity  the  water 
of  Lake  Wabamun  is  less  transparent  in  summer.  At  this  time  there  is  a 
shift  toward  greater  relative  penetration  in  the  longer  wavelengths  (red). 
Greenbank  (1945)  mentions  that  this  kind  of  pattern  is  usual  in  less 
transparent  waters.  In  open  water  there  is  also  a  surface  loss  of  light 
in  addition  to  the  loss  of  light  in  the  water  itself.  Clarke  (1939) 
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Fig.  8.  Character  of  transmission  of  red,  green,  blue  and 

total  light  at  station  4,  April  9,  1969  and  July  8, 
1969. 
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Fig.  9  ,  Charcacter  of  transmission  of  red,  green,  blue  and 
total  light  at  station  4,  April  9, 

1969.  Line  A  represents  the  transmission  of  total 
light  through  the  overlying  snow  and  ice  on  April  9, 
1969. 
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Fig.  10.  Character  of  transmission  of  red,  green,  blue  and 
total  light  at  station  13,  July  8,  1969. 
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mentions  that  a  fraction  of  this  loss  is  due  to  reflection  and  the  re¬ 
mainder  is  caused  by  a  proportionately  high  rate  of  extinction  in  the 
uppermost  layer  of  water. 

In  order  to  make  the  readings  comparable  in  Figures  8  -  10,  all 
the  uppermost  readings  (just  under  the  air-water  interface  in  Figures 
8  and  10,  and  just  under  the  ice-water  interface  in  Figure  9)  are  taken 
as  100%  and  the  lines  in  the  graph  show  the  attenuation  of  the  visible 
light  and  the  red,  green,  and  blue  bands  of  the  spectrum.  In  Figure  9, 
line  A  shows  that  only  5.7%  of  the  visible  light  actually  penetrated 
through  the  snow  and  ice  cover  if  the  percentage  of  light  getting  into 
the  water  is  compared  to  the  amount  of  incident  light  above  the  snow-ice 
cover.  Anderson  (1970)  reported  that  16%  of  incident  light  penetrated 
ice  and  snow  cover  (1  m.)  on  a  lake  in  Alberta.  This  snow  cover  was 
about  the  same  thickness  as  that  recorded  for  Lake  Wabamun  (see  later) . 
Obviously,  much  less  light  enters  the  water  in  the  unheated  lake  through 
a  snow-ice  cover  than  enters  a  heated  area  of  open  water. 

Temperature 

1 .  General  conditions  in  the  unheated  part  of  the  lake.  The 
unheated  area  of  Lake  Wabamun  has  a  dimictic  temperature  cycle.  The 
period  of  ice  cover  (from  Nov.  -  April,  Fig.  11)  lasts  about  six  months 
and  the  ice-free  period  about  the  same.  However,  because  of  the  addition 
of  heated  water,  part  of  the  lake  remains  open  all  year.  The  lake  might 
be  said  to  be  an  open  system  all  year,  not  approaching  a  closed  system 
for  half  a  year  as  do  other  unaffected  (by  heat  input)  typical  lakes 
of  this  area  (Nursall,  1969). 

Seasonal  changes  in  lake  temperature  follow  those  of  the  air 
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Fig.  11.  a.  Monthly  changes  in  air  temperature  showing  maximum, 

minimum  and  mean  ranges. 

b.  Changes  in  water  temperature  at  various  depths  at 
station  4,  May  1968  to  June  1970. 
a.  Changes  in  water  temperature  at  various  depths  at 
station  13,  May  1968  to  June  1970. 
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(Fig.  11,  Table  1).  In  general,  the  unheated  part  of  the  lake  is  too 
shallow  to  undergo  thermal  stratification  in  summer.  In  winter  ice 
cover  protects  the  lake  from  the  effects  of  winds  and  an  inverse  strati¬ 
fication  is  set  up  at  0  C.  just  under  the  ice  and  increasing  until  it 
reaches  4  C.  in  the  deepest  water  at  the  bottom.  During  this  winter 
stagnation  (Ruttner,  1963)  the  bottom  mud  may  have  a  temperature  in 
excess  of  4  C. 

The  highest  surface  temperature  (20.4  C.)  occurred  during  a  warm, 
calm  period  in  July,  1970,  in  the  unheated  part  of  the  lake. 

2.  General  conditions  in  the  heated  zone.  Using  station  4  as 
a  typical  area  in  the  thermally  influenced  region  (Fig.  11)  it  can  be 
seen  that  the  vertical  changes  in  temperature  are  often  rapid  except 
during  very  windy  days  when  complete  overturn  occurs.  There  is  often  a 
drop  of  up  to  10  C.  in  the  top  meter  of  water  due  to  the  less  dense 
warmer  water  floating  iq^on  the  cooler  denser  lake  water.  This  phenomenon 
produces  a  lens-shaped  plume  of  hot  water  on  top  of  the  colder  water. 

This  type  of  density  and  current  induced  effect  was  also  described  by 
Clark  (1969)  for  an  area  on  the  Connecticut  River  near  a  nuclear  power 
plant  effluent. 

A  typical  vertical  profile  (Fig.  12)  shows  the  extent  of  the 
heated  water  at  station  4.  A  rapid  increase  in  temperature  occurs  from 
0  C.  at  the  edge  of  the  ice  to  20  C.  at  the  mouth  of  the  outlet  canal. 
There  is  a  rapid  decrease  in  temperature  with  increasing  depth  and  this 
produces  a  thermocline  which  varies  in  depth  depending  upon  the  wind  speed 
and  direction,  currents,  and  heat  output.  Data  on  wind  speed  are  found 
in  Table  1  and  the  figures  are  included  because  of  the  importance  of 
wind  in  distributing  the  plume  of  heated  effluent  water  after  it  leaves 


35 


Fig.  12.  a.  Surface  temperature  (C.)  profile  from  edge  of  ice 

to  mouth  of  outlet  canal,  Feb.  19,  1969. 
b.  Vertical  temperature  (C.)  profile  at  station  4, 
March  8,  1969. 
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the  outlet  canal.  In  general,  it  may  be  stated  that  only  the  upper 
meter  or  so  is  affected  by  the  great  increase  in  temperature  and  lower 
depths  in  the  affected  zone  are  only  raised  by  1  -  2  C.  On  very 
windy  days  complete  mixing  of  water  will  occur. 

To  get  a  better  idea  of  the  behavior  and  extent  of  influence  of 
the  heated  water  a  series  of  vertical  and  horizontal  profiles  were 
made  at  various  times  during  the  study  period  (Figs.  13  -  20).  It  can 
be  seen  from  these  figures  that  the  closer  one  gets  to  the  outlet  canal 
the  more  rapidly  the  temperatures  of  the  surface  meter  change  and  the 
plume  of  hot  water  can  be  seen  to  increase  gradually  until  finally  no 
cold  water  can  be  distinguished  (Fig.  16). 

Figure  20  shows  that,  in  summer,  some  heated  water  circulates  around 
Point  Alison  returning  to  the  inlet  canal.  This  phenomenon  also  occurs 
in  winter  (see  later)  and  wind  is  at  all  times  very  important  in  in¬ 
fluencing  the  distribution  of  warmed  water. 

Infra-red  im.agery  of  the  lake  v;as  taken  on  August  17,  1969 
(Plates  7  and  8),  and  temperature  was  recorded  simultaneously.  From 
the  graph  and  lake  image  (Plate  7)  it  can  be  readily  seen  that  the  heated 
water  extends  into  Kapasiwin  Bay  and  also  around  Point  Alison  (covering 
an  area  approximating  to  the  area  of  open  water  in  winter).  Plate  8 
shows  the  heated  area  in  a  north-south  direction. 

3.  Winter  conditions  in  the  unheated  part  of  the  lake.  Ice  first 
appears  on  the  lake  in  early  November  (Table  5,  Fig.  21).  This  ice 
gradually  increased  in  thickness  until  the  maximum  ice  thickness  was 
71.9  cm.  (March  26,  1969).  Considering  that  the  mean  depth  of  the  lake 
is  only  5.6  m.  approximately  12.2%  of  the  lake  is  frozen  by  late  winter 
(about  12.9%  if  there  was  no  open  water). 
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Fig.  13.  Vertical  temperature  (C.)  profile  near  outlet  canal, 
July  5,  1968,  along  two  transects,  a  and  2?, 
measured  in  meters  in  the  directions  indicated 
by  arrows  on  map.  Depth  scale  is  same  for  a  and  b. 
Abscissae  represent  distance  (in  meters)  from  start 
of  transects  a  and  i>. 
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Fig.  14.  Vertical  temperature  (C.)  profile  near  Point  Alison 

and  outlet  canal,  July  19,  1968.  Abscissa  represents 
distance  (in  meters)  from  start  of  transect  in  direction 
indicated  by  arrow  on  map. 
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Fig.  15,  a.  Vertical  temperature  (C.)  profile  near  Point 

Alison  and  outlet  canal,  July  24,  1968,  along  . 
a  linked  transect  with  an  angular  break  as 
indicated  on  map.  Abscissa  represents  distance 
(in  meters)  along  linked  transect.  Serrated 
line  represents  bottom  mud. 
b.  Vertical  temperature  (C.)  profile  at  station  4. 
Ordinate  has  same  depth  scale  as  a. 
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Fig.  16.  Vertical  temperature  (C.)  profile  from  outlet  canal 

to  Moonlight  Bay,  Aug.  12,  1968,  along  linked  transects 
with  angular  breaks  as  indicated  on  map.  Abscissa 
represents  distance  (in  meters)  along  linked  transects. 
Serrated  line  represents  bottom  mud. 
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Fig.  17.  Vertical  temperature  (C.)  profile  from  south-east 
shore  of  Kapasiwin  Bay  to  outlet  canal,  Aug.  15, 
1968.  Abscissa  represents  distance  (in  meters) 
along  linked  transects.  Serrated  line  represents 


bottom  mud. 
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Fig.  18.  Vertical  temperature  (C.)  profile  from  Point 
Alison  to  inlet  canal,  Aug.  15,  1968,  along 
a  linked  transect  with  an  angular  break  as 
indicated  on  map.  Abscissa  represents  distance 
(in  meters)  along  linked  transects.  Serrated 
line  represents  bottom  mud. 
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Fig.  19.  Vertical  temperature  (C.)  profile  from  inlet  canal 
to  mouth  of  inlet  canal  to  Point  Alison,  June  6, 
1969,  along  linked  transects  with  angular  breaks  as 
indicated  on  map.  Abscissa  represents  distance 
(in  meters)  along  linked  transects.  Serrated  line 
represents  bottom  mud. 
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Fig.  20.  Vertical  temperature  (C.)  profile  from  inlet  canal 

to  outlet  canal,  July  18,  1969,  along  linked  transects 
with  angular  breaks  as  indicated  on  map.  Abscissa 
represents  distance  (in  meters)  along  linked  transects. 
Serrated  line  represents  bottom  mud. 
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Plate  7. 


Infra-red  image  of  the  northern  part  of  Lake  Wabamun 
showing  the  extent  of  the  heated  effluent  at  the  east 
end  of  the  lake  (warmer  areas  lighter  colour).  A 
surface  temperature  profile  shows  the  increased  temper¬ 
ature  in  the  heated  zone,  Aug.  17,  1969. 
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Plate  8. 


H 


Infra-red  image  of  east  end  of  Lake  Wabamun  through 
the  heated  effluent  (warmer  areas  lighter  colour) , 
on  a  north-south  transect.  Instrument  sensitivity 
was  increased  during  flight  from  mouth  of  Kapasiwin 
Bay  south  to  Goosequill  Bay.  This  results  in  light 
shade  on  this  portion  of  the  picture  despite  a  lower 
temperature.  A  surface  temperature  profile  shows 
the  increase  in  temperature  in  the  heated  zone, 

Aug.  17,  1969.  This  transect  was  flown  20  minutes 
later  than  the  west-east  transect  shown  on  Plate  7. 
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Fig.  21.  Snow  and  ice  measurements  during  winters  of  1968-1969 
and  1969-1970. 
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Table  5. 

Snow-ice  measurements, 

1968-70 

Year 

Date 

Snow 

Ice 

(cm.) 

(cm. ) 

1968 

Nov.  2 

First  seen 

"  11 

-- 

Thin  (not  measured) 

"  22 

1.0 

11.6 

Dec .  6 

1.5 

18.8 

"  19 

11.5 

31.0 

1969 

Jan.  17 

20.0 

48.0 

Feb.  5 

30.0 

55.5 

"  19 

36.5 

59.7 

Mar.  8 

31.0 

62.4 

"  26 

12.5 

71.9 

Apr.  9 

2.0 

68.5 

"  24 

Break-up 

Early  Nov. 

First  seen 

1970 

Feb.  21 

Not  known 

61.5 

Mar.  27 

If  If 

71.0 

May  1 


Break-up 
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4.  Winter  conditions  in  the  heated  zone.  A  variable  area  remains 
ice-free  each  winter  due  to  the  influence  of  heated  water  (Fig.  22). 
Surface  temperature,  as  mentioned,  decreases  rapidly  from  the  outlet 
canal  to  the  edge  of  the  ice-free  area  (Fig.  12).  Usually  the  boundary 
of  the  open  water  zone  has  a  surface  temperature  close  to  0  C.  (Fig.  12, 
Plate  9).  Next  to  this  area  there  is  a  zone  of  thin  ice  (Fig.  22) 
gradually  becoming  thicker  as  the  distance  away  from  the  thermally  in¬ 
fluenced  zone  increases. 

The  shape  and  extent  of  this  open  water  area  depends  upon  the 
influence  of  wind  and  currents.  Only  a  small  portion  of  the  north  end 
of  Kapasiwin  Bay  was  ice  free  during  January  1969.  During  January  1969, 
an  extremely  cold  month,  the  open  water  area  was  confined  to  the  north 
end  of  Kapasiwin  Bay  (Fig.  22a).  In  January  1969  and  March  1969  the 
prevailing  winds  were  from  the  north-west  (Fig.  22a, Z?).  In  March  1969 
the  heated  water  pushed  further  south  into  Kapasiwin  Bay  (Fig.  222?).  On 
both  these  occasions  the  area  around  Point  Alison  remained  ice-free, 
apparently  due  to  the  influence  of  winds  and  currents.  It  appears  that 
some  of  the  waimed  water  from  the  outlet  canal  circulates  around  the 
point  and  returns  to  the  inlet  canal.  This  situation  would  indicate  that 
some  of  the  same  water  is  being  used  again  and  again  by  the  power  plant. 

Prevailing  west  winds  (Table  1)  during  December,  1969,  kept  the 
open  water  to  the  north  end  of  Kapasiwin  Bay  (Fig.  22a).  At  times  during 
the  winter  of  1970  (Fig.  22d)  the  area  around  Point  Alison  had  a  thin  ice 
cover.  It  would  appear  that  less  warmed  water  circulated  around  Point 
Alison  because  of  the  prevailing  west  wind  during  February  1970.  It  is 
more  common  (as  in  the  winter  of  1969)  to  have  prevailing  north-westerly 
winds  at  this  time  of  the  year. 
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Fig.  22.  Map  of  east  end  of  Lake  Wabamun  showing  changes  in 
shape  and  extent  of  open  water,  prevailing  winds  in 
the  area,  Jan.  1969  to  Feb.  1970. 

a.  Jan.  1969  (Monthly  mean  temperature  -  15.7°F) 

b.  Mar.  1969  (Monthly  mean  temperature  +  22.5®F) 

a.  Dec.  1969  (Monthly  mean  temperature  +  20.0®F) 

d.  Feb.  1970  (Monthly  mean  temperature  +  21. 5® F) 
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Plate  9.  Boundary  of  open  water  zone  and  ice.  The  ice  is  thin 
near  the  edge  of  this  area  and  gradually  increases  in 
thickness  with  increasing  distance  from  the  heated 
water. 


Plate  10.  Mouth  of  outlet  canal  looking  north  towards  Wabamun 
Power  Plant. 


f 


I 


'ft 


f  ♦ 


•  I'' 

I 

'  I 

■? 


»* 


"  '% 


.4, 


J5 


52 


5,  General  conditions  in  the  inlet  and  outlet  canals.  It  has 
been  shown  in  the  preceding  sections  that  some  of  the  cooled  warm  water 
is  used  again  and  again  because  some  of  the  heated  water  passes  around 
Point  Alison  and  flows  back  into  the  inlet  canal.  Figure  23  shows  that 
there  is  a  close  correlation  in  variations  between  the  canal  temper¬ 
atures  at  all  times  of  the  year  although  there  is  a  difference  in  mean 
temperature  of  8.73  C.  (Table  6).  Maximum  temperature  recorded  in  the 
outlet  canal  was  31.8  C.  (Aug.  15,  1969). 

During  August  1969  a  continuous  recording  thermometer  was  placed 
in  the  outlet  canal  (Fig.  24,  Plate  10)  to  measure  daily  temperature 
changes.  Some  of  the  time  temperatures  were  in  excess  of  30.0  C.  which 
was  outside  the  range  of  the  instrument.  Fluctuations  up  to  7.0  C. 
occurred  on  several  days  and  these  great  changes  are  apparently  attributed 
to  a  change  in  output  of  power  from  the  plant.  These  sudden  temperature 
changes  could  produce  more  stress  upon  organisms  than  continuously 
elevated  temperatures  and  need  further  investigation. 

Temperature  measurements  made  during  1970  are  mentioned  in  a  later 
section  dealing  with  the  effects  of  temperature  upon  certain  members  of 
the  zooplankton. 
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Fig.  23.  Temperature  changes  (C.)  in  inlet  and  outlet  canals, 
July  1968  to  Aug.  1970. 
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Table  6.  Temperature  measurements  in  inlet  and  outlet  canals,  1968 
-  1970. 


Year  Date 


_ Temperature  °C. _ 

Inlet  Canal  Outlet  Canal 


1968 


1969 


July  5 

- 

26.5 

"  19 

- 

28.0 

"  24 

- 

27.3 

Aug.  12 

26.1 

"  15 

17.0 

- 

"  19 

- 

23.9 

Nov.  22 

_ 

18.0 

Jan.  17 

3.0 

18.2 

Feb.  19 

3.6 

16.0 

May  2 

9.5 

21.6 

"  13 

11.5 

25.5 

"  20 

11.3 

24.0 

"  27 

14.0 

26.0 

June  2 

16.0 

23.0 

"  6 

17.8 

25.7 

"  10 

20.0 

30.0 

"  17 

20.8 

28.8 

"  24 

20.0 

27.2 

July  2 

19.4 

26.2 

"  4 

15.8 

25.5 

”  8 

18.2 

24.0 

"  11 

19.0 

25.0 

"  15 

17.9 

25.0 

"  18 

20.5 

26.8 

"  22 

20.1 

27.0 

"  25 

21.3 

27.7 

"  30 

18.9 

24.6 

Aug.  1 

20.7 

25.1 

..  7 

21.0 

25.5 

"  12 

20.0 

24.0 

"  15 

27.9* 

31.8 

"  21 

18.3 

26.2 

"  26 

20.0 

27.2 

Sept.  13 

15.3 

23.0 

Oct.  19 

7.7 

18.0 

(Cont 'd) 
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Table  6  (Cont'd) 


Year  Date 


_ Temperature  °C. _ 

Inlet  Canal  Outlet  Canal 


1970 


Jan.  31 

9.3 

17.5 

Feb.  7 

3.0 

18.5 

"  21 

3.0 

17.3 

Mar.  15 

- 

17.5 

"  27 

- 

18.3 

Apr.  11 

4.3 

15.0 

"  24 

5.5 

17.8 

May  1 

7.5 

18.5 

"  6 

7.5 

18.0 

"  14 

10.5 

20.0 

"  21 

12.5 

22.4 

"  29 

13.5 

23.5 

June  3 

22.9 

28.8 

”  12 

16.6 

25.6 

"  19 

16.4 

26.3 

July  3 

20.6 

28.7 

"  10 

- 

30.0 

"  17 

21.8 

29.4 

"  24 

21.5 

29.0 

Aug.  10 

20.7 

28.4 

"  27 

19.3 

27.1 

Inlet  X  =  15.38  C. 

Outlet  X  =  24.11  C. 


Mean  Diff. 


8.73  C. 
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Fig.  24.  Daily  temperature  changes  (C.)  in  outlet  canal,  Aug.  1969. 
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CHEMICAL  CHARACTERISTICS 


The  chemical  composition  of  any  natural  body  of  water  is  determined 
by  a  multitude  of  complex  factors,  including  geological  and  meteorological 
features.  In  any  closed  lake  basin,  such  as  Wabamun,  precipitation  and 
spring  runoff  form  the  major  sources  of  the  nutrients  in  the  water. 
Evaporation  will  increase  the  ionic  concentration  of  such  a  lake  during 
the  ice-free  season,  and  a  natural  equilibrium  between  the  processes  of 
precipitation  and  evaporation  will  determine  its  chemical  composition. 

The  major  water  chemistry  analyses  were  carried  out  at  stations  4 
and  13  (stations  1  and  2,  respectively,  of  Wheelock,  1969;  Fig.  2).  In 
addition  to  these  stations  analyses  were  performed  on  water  from  the 
inlet  and  outlet  canals,  at  the  Building  Products  (B.P.)  effluent,  and 
at  Sundance  (Fig.  3).  Many  of  the  chemical  analyses  carried  out  would 
not  seem  relevant  here  and  these  results  are  found  in  the  Appendix. 

Surface  Water 

1.  Dissolved  oxygen.  A  limnologist  can  probably  learn  more  about 
the  nature  of  a  lake  from  a  large  series  of  seasonal  oxygen  determinations 
than  from  all  other  kinds  of  chemical  data  (Hutchinson,  1957).  Vertical 
dissolved  oxygen  profiles  were  taken  fortnightly  or  more  frequently  at 
one  meter  intervals  at  station  4,  and  at  two  meter  intervals  at  station 
13  (Table  7).  In  general,  the  oxygen  curves  at  station  4  had  a  tendency 
to  be  of  the  orthograde  type.  This  is  probably  because  the  water  is 
shallow  at  this  station.  Most  of  the  oxygen  curves  at  station  13  were 
of  the  clinograde  type  (Fig.  25). 

The  highest  saturations  were  found  to  be  in  the  top  two  meters  at 
both  stations  with  a  maximum  reading  of  132%  saturation  recorded  at 
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Fig.  25.  Seasonal  changes  of  %  oxygen  saturation  at  stations 
4  and  13,  1968-1969. 
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Table  7.  Vertical  dissolved  oxygen  concentrations  at  stations  4  and  13,  1968-1969  (expressed  as  per  cent 
saturation. 
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station  4,  on  July  3,  1968.  Supersaturations  of  this  order  can  be 
attributed  largely  to  photosynthesis. 

A  comparison  of  surface  dissolved  oxygen  concentrations  between 
the  two  stations  is  shown  in  Figure  26.  The  greatest  differences 
between  the  two  stations  were  noticed  in  winter  when  the  concentration 
of  oxygen  began  to  fall  markedly  at  station  13  because  of  the  depletion 
of  oxygen  under  the  cover  of  snow  and  ice.  This  covering  was  not 
present  in  the  heated  area  (station  4)  and  the  concentration  of  oxygen 
was  higher  there  because  the  unfrozen  surface  water  was  exposed  to  the 
air.  Warm  water  has  a  smaller  capacity  for  carrying  dissolved  oxygen 
than  cooler  unaffected  lake  water.  In  Lake  Wabamun,  water  in  the  heated 
zone  has  its  oxygen  continually  replenished  by  the  currents  and  wind 
moving  across  station  4  from  the  outlet  canal. 

Vertical  profiles  of  per  cent  oxygen  saturation  at  the  two  stations 
(Fig.  25)  show  that  there  are  great  differences  between  the  two  stations, 
particularly  during  late  winter  just  above  the  bottom  at  station  13  where 
almost  no  oxygen  was  present  (4%  saturation,  March  1969).  However, 
despite  the  almost  complete  absence  of  oxygen  near  the  bottom  at  station 
13  in  February  and  March,  no  winter  kill  of  bottom  feeding  lake  whitefish 
Coregonus  alupeaformis )  was  reported  from  the  lake.  Perhaps  the  fish 
avoided  this  area. 

2.  Iron.  It  seems  that  in  well- oxygenated  lakes  the  iron  compounds 
likely  to  be  present  are  suspended  ferric  hydroxide  and  a  non-reducible 
complex  or  series  of  complexes  (Hutchinson,  1957).  Harvey  (1937)  pre¬ 
sented  some  experimental  results  which  suggest  that  both  of  these  forms 
may  be  assimilated  by  diatoms  and  possibly  by  other  planktonic  organisms. 
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Fig.  26.  Surface  seasonal  changes  of  %  oxygen  saturation  at 
stations  4  and  13,  1968-1969. 
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Fig.  27.  Seasonal  changes  of  iron  and  ortho -phosphate  (p.p.m.) 
at  stations  4  and  13,  1968-1969.  (Cf.  Table  7, 
Wheelock,  1969) 
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The  lowest  concentration  of  iron  in  Lake  Wabamun  is  found  in 
late  spring  followed  by  a  rapid  increase  during  the  early  summer  (Fig. 

27;  Appendix  II).  After  a  decrease  in  concentration  in  late  summer 
and  early  autumn  there  was  a  gradual  increase  during  late  fall  and 
winter.  The  mean  concentration  of  iron  was  found  to  be  0.11  p.p.m. 

This  type  of  iron  cycle  is  similar  to  one  described  by  Ivlev  (1937). 

3.  Phosphorus .  Chalupa  (1959)  found  that  the  maximum  values 
for  phosphates  occurred  after  heavy  rains.  The  highest  values  of 
ortho- phosphate  were  found  in  Lake  Wabamun  during  August,  1968,  and 
precipitation  may  have  contributed  to  the  amount  present  in  the  water 
(Fig.  27;  Appendix  II).  Part  of  the  increase  may  have  resulted  from 
decaying  macrophytes  (Hutchinson,  1957).  The  mean  ortho-phosphate 
concentration  was  0.22  p.p.m.  Ortho-phosphate  is  the  most  common 
phosphate  found  in  lakes. 

Under  conditions  of  summer  or  autumn  stagnation,  it  is  known 
(Chalupa,  1959)  that  phosphates  diffuse  from  mud  into  water  above  the 
bottom.  It  has  been  suggested  that  the  amount  of  phosphate  released 
depends,  at  least  in  part,  on  the  amount  of  iron  in  the  water  (Einsele, 
1941). 

4.  Biochemical  Oxygen  Demand.  The  five-day  Biochanical  Oxygen 
Demand  (B.O.D.)  test  was  carried  out  on  a  number  of  occasions  (Table  8). 
The  B.O.D.  is  an  arbitrary  measure  of  the  bacterial  consumption  of  oxygen 
(Hynes,  1966;  Ruttner,  1963).  The  Royal  Commission  on  Sewage  Disposal 
(Hynes,  1966)  suggested  that  a  B.O.D.  of  4  p.p.m.  should  not  be  exceeded 
in  Britain.  One  reading  of  4.9  was  recorded  in  Lake  Wabamun.  In  general, 
the  warm  water  of  the  outlet  canal  had  a  higher  B.O.D.  than  that  of  the 
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Table  8.  Five-day  Biochemical  Oxygen  Demand  test  (p.p.m.)  results, 
summer,  1969 


Date 

Location 

Depth 

B.O.D. 

Tanperature 

July  11 

Sundance 

Om. 

2.7 

17.5 

1.0 

4.9 

17.4 

Outlet  Canal 

0 

2.5 

25.0 

1.0 

3.3 

25.0 

Inlet  Canal 

0 

1.9 

19.1 

1.0 

1.8 

19.0 

July  25 

Sundance 

1.0 

1.0 

13.8 

Station  4 

0 

2.1 

25.5 

1.0 

2.1 

21.0 

Outlet  Canal 

0 

1.2 

27.7 

1.0 

0.9 

27.7 

Inlet  Canal 

0 

1.2 

21.3 

1.0 

1.3 

21.3 

Aug.  7  Sundance 

0 

2.3 

21.5 

Station  13 

0 

1.0 

21.3 

1.0 

1.7 

20.7 

Outlet  Canal 

1.0 

2.5 

25.5 

Inlet  Canal 

0 

2.0 

21.0 

1.0 

1.3 

21.0 
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5,  Hydrogen  sulphide.  The  hydrogen  sulphide  test  was  carried 
out  on  a  few  occasions  during  the  late  winter  of  1969,  just  above  the 
bottom  mud  at  station  13,  but  despite  the  low  oxygen  concentration  there 
no  hydrogen  sulphide  was  ever  recorded. 

Surface  Ice 

Comparison  of  some  chemical  characteristics  of  ice  with  under-ice 

lake  water.  In  addition  to  the  routine  chemical  analyses  carried  out  on 
unfrozen  lake  water,  some  ice  was  melted  down  on  six  different  occasions 
at  station  13  and  the  resulting  water  was  chemically  examined.  These 
results  are  presented  in  Appendices  IV  and  V. 

Outlet  and  Inlet  Canals  and  Building  Products  (B.P.)  Effluent 

During  the  summer  of  1969  samples  of  water  were  analysed  from  the 
outlet  and  inlet  canals  and  the  Building  Products  (B.P.)  plant  (Appendix 
VI).  In  most  instances  the  means  for  the  B.P.  plant  were  higher  than 
those  for  the  outlet  and  inlet  canals  and  also  stations  4  and  13.  The 
greatest  exception  was  the  mean  of  the  B.P.  effluent  for  copper  (0.01 
p.p.m.)  which  was  very  much  lower  than  the  0.23  p.p.m.  and  0.26  p.p.m.  for 
the  outlet  and  inlet  canals,  respectively.  The  mean  for  chloride  (5.25 
p.p.m.)  was  slightly  lower  than  the  means  of  6.16  p.p.m.  and  5.19  p.p.m. 
for  the  outlet  and  inlet  canals,  respectively.  The  generally  higher 
recordings  of  the  B.P.  plant  were  recorded  only  in  the  immediate  vicinity 
of  the  effluent  and  were  not  reflected  in  the  values  measured  for  the 
outlet  canal  little  more  than  a  few  meters  downstream  as  these  readings 
compared  favourably  to  those  of  the  'normal'  lake  water  (i.e.,  stations 
4  and  13). 
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Comparing  the  means  of  the  results  measured  at  the  outlet  and 
inlet  canals  with  the  values  recorded  at  stations  4  and  13  the  readings 
were  quite  similar  in  some  of  the  analyses.  The  following  exceptions 
had  mean  readings  at  stations  4  and  13  less  than  the  means  for  the 
outlet  and  inlet  canals:  the  total  alkalinity  of  196  p.p.m.  (stations 
4  and  13)  compared  to  211  p.p.m.  at  both  the  outlet  and  inlet  canals; 
means  of  0.20  p.p.m.  (station  4)  and  0.12  p.p.m.  (station  13)  for  copper 
were  lower  than  the  values  of  0.23  p.p.m.  and  0.26  p.p.m.  for  the  outlet 
and  inlet  canals,  respectively.  A  few  readings  had  mean  values  which 
were  greater  at  stations  4  and  13  than  at  the  outlet  and  inlet  canals. 

The  total  dissolved  solids  with  a  mean  of  352  p.p.m.  were  greater  than 
the  means  of  323  p.p.m.  and  325  p.p.m.  at  the  outlet  and  inlet  canals, 
respectively.  The  mean  for  ortho-phosphate  of  0.22  p.p.m.  (stations  4 
and  13)  was  much  higher  than  the  0.07  p.p.m.  and  0.06  p.p.m.  values 
measured  at  the  outlet  and  inlet  canals.  The  mean  for  silica  of  3.1  p.p.m. 
(stations  4  and  13)  was  greater  than  the  2.07  p.p.m.  and  2.04  p.p.m.  of 
the  outlet  and  inlet  canals  and  sulphate  which  had  mean  values  which 
differed  greatly  between  the  two  stations  (35.4  p.p.m.  at  station  4  and  81.3 
p.p.m.  at  station  13)  were  both  greater  than  the  means  of  20.0  p.p.m.  and 
22.0  p.p.m.  at  the  outlet  and  inlet  canals,  respectively.  The  mean  values 
for  the  two  canals  were  more  similar  to  one  another  than  they  were  to  the 
two  lake  stations. 

These  results  show  that  the  heated  effluent  is  not  altered  ch«nically 
by  the  addition  of  heat.  Also,  the  similarity  of  the  results  for  the  two 
canals  is  in  agreement  with  the  observation  mentioned  earlier  that  water 
flowing  out  of  the  power  plant  via  the  outlet  canal  is  recirculated  around 
Point  Alison.  It  would  seem  that  the  funneling  of  water  from  a  surrounding 
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area  into  the  inlet  canal  and  then  via  the  power  plant  into  the  outlet 
canal  is  using  much  of  the  same  water  again  and  again. 

Chemical  Analysis  of  Bottom  Sediment 

Some  chemical  and  physical  characteristics  of  bottom  sediments  at 
stations  4  and  15,  1968-1969.  Bottom  mud  was  analysed,  from  stations  4 
and  13,  by  the  Provincial  Soil  and  Feed  Testing  Laboratory  during  the 
period  from  June  1968  through  May  1969  (Appendix  VIII).  In  most  instances, 
the  concentrations  of  the  various  substances  were  higher  at  station  13 
than  at  station  4.  The  substrate  may  be  richer  in  concentration  at 
station  13  because  of  the  complete  absence  of  weeds  there  and,  hence, 
less  uptake  of  ions.  However,  it  should  be  mentioned  that  there  is  a 
great  distance  between  the  two  stations  and  that  it  is  quite  possible 
that  there  would  be  substantial  differences  in  the  constituents  of  the 
muds  of  the  two  regions  just  as  the  soils  around  the  lake  may  vary  in 
different  areas.  Also,  there  is  a  relatively  swift  flow  of  water  at 
station  4  which  could  wash  some  of  the  sediment  away  from  the  area. 
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BIOLOGICAL  CHARACTERISTICS 


Macrophytes 

The  greatest  concentration  of  emergent  vegetation  is  located  at 
the  shallower  east  end  of  the  lake  (Fig.  28).  During  the  summer  there 
is  such  an  abundance  of  floating  weeds  that  boating  and  sampling  in  the 
vicinity  of  the  outlet  canal  and  Kapasiwin  Bay  is  extremely  difficult. 
Decaying  weeds  are  often  washed  up  on  the  east  shore  of  Kapasiwin  Bay 
during  windy  weather  and  this  causes  problems  for  many  summer  residents 
in  the  region. 

During  the  summer  of  1970  vegetative  mapping  was  carried  out  by 
Dale  Allen  (Botany  Department)  and  he  very  kindly  permitted  me  to  use 
the  data  for  late  summer  distribution  of  species  presented  in  Figure  28. 

The  dominant  macrophyte  in  Kapasiwin  Bay  was  Elodea  aanadeneis 
(Fig.  28  A)  where  station  4  was  located.  Stations  2  and  3  were  located 
in  a  mixture  of  Elodea  and  Myriophyllum  exalhescena  (Fig.  28  C) . 

Potamogeton  peotinatus  is  found  in  the  outlet  canal  and  in  the 
area  immediately  around  its  mouth  (Fig.  28  D)  where  station  1  was  located. 
It  is  a  characteristic  macrophyte  of  shallow  water  (Moss,  1967).  Around 
Point  Alison  there  was  a  narrow  zone  of  Chora  sp. 

Phytoplankton 

A  detailed  account  of  the  phytoplankton  of  Lake  Wabamun  may  be 
found  in  Wheelock’s  (1969)  thesis.  The  effects  of  temperature  on  a 
regularly  occurring  member  of  the  phytoplankton,  C.  hirund'inella^  were 
analysed.  In  the  pump  samples,  Cevatvim  hirundinella  first  appeared  on 
May  14  (Fig.  29),  shortly  after  the  break-up  of  ice  (about  May  1).  C. 
hdrundinella  is  a  warm  water  species  and  is  found  in  both  eutrophic  and 
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Fig.  28.  Map  of  macrophyte  vegetation  of  east  end  of  Lake 
Wabamun,  summer  1970. 
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oligotrophic  lakes  (Holl,  1928).  In  Lake  Wabamun  this  species  only 
occurred  in  water  above  a  minimum  of  9.8  C.  compared  to  a  minimum  of  8.3 
C.  in  Pearsall's  (1932)  studies.  It  is  interesting  to  note  that  least 
numbers  of  the  species  occurred  at  station  3,  slightly  more  at  station 
12  and  greatest  numbers  in  the  intermediate  station  9  (Fig.  29). 

Greatest  numbers  occurred  at  station  9  at  a  temperature  of  21.9  C. 

These  results  suggest  that  C,  hirund'tne'lZa  dislikes  the  warmest  water 
but  prefers  slightly  elevated  temperatures. 

Zooplankton 

1.  Seasonal  changes  in  the  Crustacea  and  Rotifera.  The  most 
important  members  of  the  zooplankton  of  Lake  Wabamun  are  the  Crustacea 
and  the  Rotifera.  The  animal  Protista  are  also  common  in  the  open-water 
community  but  Hutchinson  (1967)  believes  that  in  general  they  are  of 
lesser  importance.  The  Protozoa  found  in  this  study  will  be  treated  in 
the  section  dealing  with  surface  samples.  A  list  of  the  various  faunal 
species  is  found  in  Appendix  IX. 

Hutchinson  (1967)  states  that  the  rotifers  are  the  most  important 
non-arthropod  invertebrates  in  fresh-water  plankton.  At  most  times  of 
the  year  in  Lake  Wabamun  they  outnumbered  (individuals/litre)  the  Crustacea 
(Fig.  30).  During  the  winter,  rotifers  (mainly  Kellioottia  longispina) 
far  outnumbered  the  crustaceans.  K*  longiepina  is  known  to  feed  on  very 
small  particles  such  as  small  algae,  small  protozoans  and  bacteria 
(Edmondson,  1957).  It  is  possible  that  the  success  of  the  rotifers  in 
winter  (particularly  K*  longiepim)  in  Lake  Wabamun  may  be  due  to  the 
presence  of  very  small  (1  -  2y)  phytoplankton  species,  which  usually  are 
unrecognisable  in  preserved  samples,  but  are  known  to  be  present  in  lakes 
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Fig.  29.  Seasonal  changes  in  numbers  of  Ceratiimi  hivundinetta 
at  stations  3,  9,  and  12,  1970. 
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in  winter  (Rodhe,  1955).  Some  of  the  crustaceans,  such  as  Daphnia  pulex, 
cannot  use  food  particles  smaller  than  1.5y  (Leffevre,  1942)  and  hence 
these  tiny  phytoplankters  may  be  only  taken  up  by  the  rotifers. 

Shortly  after  the  break-up  of  ice  on  the  lake  there  was  an  almost 
explosive  increase  in  the  rotifer  population  which  reached  a  maximum  of 
1075  individuals/ litre  on  May  21  (Fig.  30).  The  dominant  rotifer  at  this 
time  was  again  K,  tongispina  but  large  numbers  of  Keratella  hiemdl-is  and 
Kevatella  oochlearis  were  also  present  (Plates  11  and  12).  These  three 
species  have  similar  feeding  habits  (Edmondson,  1957). 

Only  eight  days  after  the  rotifers  reached  a  maximum  (May  29)  the 
crustaceans  had  a  peak  population  of  411  individuals/litre  (Fig.  30) 
which  at  that  time  largely  consisted  of  nauplii  and  copepodids,  with 
smaller  numbers  of  cladocerans.  The  fact  that  the  crustacean  numbers 
reached  a  peak  shortly  after  the  rotifers  suggests  that  the  carnivorous 
cyclopoid  copepods  present  may  be  using  the  rotifers  as  food  to  a  large 
extent.  The  cyclopoid  copepods  are  known  to  prey  on  rotifers,  crustaceans 
and  large  algae  (Naumann,  1923;  Edmondson,  1957). 

During  the  summer  period  from  June  12  to  August  27  the  numbers  of 
crustaceans  (largely  Cladocera)  generally  surpassed  those  of  the  rotifers. 
Hutchinson  (1967)  notes  that  there  is  some  competition  between  the 
Cladocera  and  Rotifera  for  available  food  particles  even  though  these 
animals  may  differ  in  size  by  a  factor  of  ten. 

Effects  of  temperature  on  the  various  species  of  Crustacea  are 
being  studied  by  other  workers  and  will  not  be  discussed  here. 

2.  Effects  of  temperature  on  selected  Rotifera.  It  has  been 
mentioned  previously  that  the  Rotifera  is,  numerically  at  least,  the  most 
important  group  of  zooplankters  present  in  Lake  Wabamun  during  winter  and 
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Fig.  30. 


Seasonal  changes  in  numbers  of  Rotifera  and  Crustacea, 
1970.  The  points  represent  means  from  all  stations. 
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Plate  11.  Single  specimen  of  Kevatetla  hiemdli-s  (top  left); 

single  specimen  of  same  species  with  amictic  egg  (top 
right)  ;  single  specimen  of  Keratella  earlinae  (lov/er 
left) ;  single  specimen  of  Kevatella  oochleavis  with 
amictic  egg  (lower  right).  All  about  X250. 
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Plate  12.  Single  specimen  of  Fzt'tn'ia  'longiseta  (top  left); 

two  specimens  of  same  species,  one  with  amictic  egg 
(top  right);  single  specimen  of  carnivorous  species 
Asplanohna  priodonta  (lower  left) ;  single  specimen 
of  KelUcottia  'longispi'na  with  amictic  egg  (lower 
right).  Various  mag.  about  X250. 
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spring.  Edmondson  (1946)  mentions  that  the  rotifers  are  very  suited  to 
studies  of  the  intermediate  levels  of  production.  A  total  of  47  species 
was  identified  from  the  samples  (Appendix  IX).  It  was  decided  to 
examine  the  distribution  and  occurrence  of  the  nine  most  common  species 
of  rotifers  in  the  lake. 

In  each  of  the  nine  species  treated  below  the  effects  of  temperature 
on  rotifer  numbers  at  four  different  stations  were  examined  on  a  seasonal 
basis  (stations  2,  3,  9,  and  12;  Figs.  31  -  53).  These  particular  stations 
were  regarded  as  being  the  most  useful  in  showing  the  effects  of  the 
warmest  (station  2) ,  slightly  cooler  (station  3) ,  intermediate  (station  9) 
and  coolest  (station  12)  temperatures  in  the  lake.  Station  1  is  actually 
warmer  than  station  2,  but  results  from  it  are  disturbed  because  it  is 
located  at  the  mouth  of  the  outlet  canal  where  strong  currents  displace 
the  plankton. 

The  currents  are  affected  by  wind  and  were  mentioned  in  the  section 
dealing  with  physical  characteristics.  Station  9,  located  south  of  the 
outlet  canal,  occasionally  receives  water  warmer  than  the  unaffected  lake 
does  (e.g.,  station  12).  Whether  or  not  station  9  receives  heated  water 
depends  on  wind  conditions  and,  hence,  currents  on  any  particular  date. 

Much  of  the  water  at  this  station  is,  however,  generally  unaffected  lake 
water  with  only  slight  temperature  increase  from  the  plume  of  warmed  water. 
Station  9  may  therefore  be  regarded  as  intermediate  in  temperature. 

Station  12  is  regarded  as  being  totally  unaffected  by  the  effluent  and, 
therefore,  is  used  as  a  control. 

In  the  1.5  m.  water  column,  vertical  differences  in  rotifer  numbers 
were  not  consistently  correlated  with  temperature  or  depth  (Table  9). 
Sampling  errors  are  greatest  when  numbers  are  lowest.  The  coefficient  of 


%  Females  with  eggs  Numbers  per  litre  Temperature 
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variation  was  50  -  75%  for  populations  of  4  -  8  rotifers/litre  (Table  9) 
observed  during  January  and  February,  and  4.4  -  14.1%  for  populations  of 
50  -  250  rotifers/litre  observed  in  May  (Table  9). 

As  well  as  studying  the  effects  of  temperature  on  numbers  of  indi¬ 
viduals  in  the  various  species  the  effects  of  the  temperature  on  the  egg 
ratio  (egg rfemales)  were  examined  in  five  of  the  nine  species  (Kellioottia 
tongis'pinai  Fitinia  longiaeta^  Keratella  hiemdlia^  KeToteVLa  ooahlearia 
and  Keratetla  eccptivae).  The  egg  ratio  method  gives  a  measure  of  the 
reproductive  rate  in  a  natural  population  (Edmondson,  1965).  This  rate 
is  temperature  sensitive.  Higher  temperatures  result  in  faster  rates  of 
development  and  shorter  life  cycles  (Edmondson,  1965;  Hutchinson,  1967). 
Males  were  not  observed  for  any  of  the  rotifer  species,  so  it  has  been 
assumed  that  all  the  individuals  were  parthenogenic  females  and  the  eggs 
produced  were  amictic.  The  amictic  eggs  develop  in  turn  into  parthenogenic 
females  which  upon  maturing  produce  more  amictic  eggs.  It  is  not  possible 
to  separate  mature  from  immature  females  because  they  are  morphologically 
similar  (Edmondson,  1960).  As  a  result  a  lower  egg  ratio  is  to  be  expected 
than  if  only  the  mature  individuals  could  be  counted.  Likewise,  senile 
animals,  if  present,  could  not  be  distinguished,  which  also  decreases  the 
egg  ratio. 

The  remaining  four  species  were  compared  numerically.  Of  these  two, 
Nothotoa  aowninata  and  Folyccpthra  vutgariai  did  not  usually  carry  their 
eggs  and  hence  a  useful  comparison  could  not  be  made  of  the  egg  ratios  at 
the  different  stations.  Aaplancsha  priodonta  carries  live  young  and  was  not 
observed  with  eggs.  The  embryos  were  sometimes  obscured  by  large  food 
particles  (such  as  other  rotifers) ,  therefore  they  may  not  always  have  been 
counted.  Hence,  only  a  numerical  comparison  was  made  at  the  four  stations. 
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Table  9.  Differences  in  rotifer  numbers  with  depth  and  temperature  at 
two  stations,  on  three  sampling  dates.  Sample  numbers  are 
means  of  triplicates  except  for  station  12,  May  21,  which  are 
means  of  duplicates. 
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The  remaining  species  examined  in  detail  was  Conoohilus  uniaomiSy  which 
is  a  colonial  species  and  only  a  numerical  comparison  was  made  of  this 
organism  also. 

a)  Kellioottia  longispina  (Kellicott) 

Ket'l'iaott'ta  tongispina  dominated  the  rotifer  fauna  during  most  of 
the  study  period. 

It  is  easy  to  calculate  the  egg  ratio  for  this  and  the  four  species 
following  because  the  females  carry  the  eggs  attached  to  them  until  they 
hatch  (Edmondson,  1960;  Plates  11  and  12).  In  Lake  Wabamun  most  ovigerous 
specimens  carried  a  single  egg  but  on  rare  occasions  two  eggs  per  female 
were  noted. 

Kellioottia  longiepinuy  Keratella  oochlearisy  Keratella  hiemalisy 
and  probably  Keratella  earlinaey  have  similar  eating  habits,  taking 
particles  smaller  than  10  -  12y  in  diameter  (Hutchinson,  1967;  Edmondson, 
1960,  1965;  and  Nauwerk,  1963).  The  development  of  Kellioottia  longispina 
is  somewhat  slower  than  that  of  Keratella  ooohlearis  and  Keratella  hiemalis 
because  the  former  carries  a  larger  egg  (Edmondson,  1960)  which  may  have 
a  greater  energy  demand  on  the  species.  However,  in  Lake  Wabamun, 
Kellioottia  longispina  still  managed  to  be  the  dominant  species. 

During  winter  there  was  an  ice  cover  at  station  12  which  persisted 
until  about  May  1.  During  winter  samples  were  taken  just  under  the  ice 
at  tanperatures  close  to  0  C.  Females  carried  eggs  on  only  February  21 
at  station  12,  when  1300  individuals  per  litre  were  found.  During  this 
winter  period  stations  2  (wannest)  and  3  (slightly  colder)  were  ice- free 
and  generally  had  temperatures  of  10  C.  or  greater  (Fig.  31).  At  both 
stations  2  and  3,  females  carried  eggs  during  the  winter  (Fig.  31).  Egg 
production  reached  a  maximum  of  73%  (ratio  of  0.73  eggs/female  expressed 
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as  a  percentage)  on  April  11  at  station  2.  The  maximum  egg  production 
(75%)  was  achieved  on  May  1  at  station  3.  It  is  more  difficult  to 
decide  exactly  when  greatest  reproduction  occurred  at  station  12  because 
it  was  impossible  to  obtain  samples  there  during  April  as  the  ice  was 
rotting  and  unsafe  to  walk  on.  Of  the  samples  taken  at  station  12  the 
greatest  egg  production  (50%)  was  recorded  on  May  21 j  the  same  date  that 
the  highest  percentage  of  females  (67%)  carried  eggs  at  station  9.  It 
could  be  argued  that  a  peak  may  have  occurred  in  April  at  both  of  these 
stations,  although  it  was  impossible  to  find  out  because  thin  ice 
prevented  sampling. 

During  the  period  following  ice  break-up,  egg  production  declined 
from  May  21  at  station  12  (Fig.  31).  After  June  3  no  eggs  were  found 
on  any  females.  A  similar  situation  occurred  at  station  9,  although  on 
June  12,  3%  of  the  females  carried  eggs.  On  June  3,  14%  of  the  females 
at  station  2  carried  eggs  although  on  two  subsequent  dates  no  eggs  were 
found.  Sampling  could  not  be  continued  at  station  2  after  June  19  because 
of  the  extremely  dense  masses  of  vegetation  there.  At  the  slightly  cooler 
station  3,  eggs  were  found  up  to  July  3  and  no  eggs  (or  adults)  were  found 
after  this  date. 

During  the  winter  period  (Jan.  -  end  of  April),  a  mean  number  of 
93,1  females/1,  were  recorded  at  station  2  compared  to  a  mean  of  158.9 
females/1,  at  station  3  and  the  highest  mean  of  388.3  females/1,  under  ice 
at  station  12.  During  the  same  period  a  total  mean  of  20,0%  of  the  females 
carried  eggs  at  station  2,  16,9%  at  station  3,  and  0,6%  at  station  12, 
Differences  between  hot  and  cold  stations  were  not  statistically  signi¬ 
ficant  at  the  5%  level.  Station  9  was  sampled  on  only  one  occasion  during 
this  period  because  of  a  layer  of  thin  ice  in  that  area,  so  it  is  not 
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Fig.  31.  Seasonal  changes  in  temperature  (C.),  numbers  of 
females  per  litre,  and  percentage  of  females  with 
eggs  of  Kellioottia  longiapina  at  stations  2,  3, 
9,  and  12,  1970. 
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considered  for  the  winter  period. 

In  the  ice-free  season  (from  May  1)  a  mean  of  173.1  females/1,  was 
counted  from  station  2,  89.5  females/1,  from  station  3,  77.9  females/1, 
at  station  9  and  only  52.0  females/1,  at  station  12.  This  is  very 
interesting  becaiise  it  is  quite  the  reverse  of  the  trend  found  during 
the  winter.  From  May  1  a  mean  of  18.4%  of  the  females  at  station  2 
carried  eggs,  23.5%  at  station  3,  16.7%  at  station  9  and  the  highest 
mean  reading  of  31.1%  at  station  12.  These  results  were  not  statistically 
significant. 

The  annual  means  were:  133.1  females/1,  at  station  2,  124.2 
females/1,  at  station  3  and  220.2  females/1,  at  station  12.  During  the 
annual  period  the  means  of  the  per  cent  carrying  eggs  at  the  various 
stations  were:  19.2%  at  station  2,  21.1%  at  station  3  and  18.9%  at  station 
12. 

During  the  annual  period  K,  longi&pina  occurred  in  relatively  large 
numbers  over  a  wide  range  of  temperatures  (0  -  29  C.,  Fig.  32).  Eggs 
were  produced  over  the  same  temperature  range  with  a  peak  at  22.4  C. 

(220  eggs/1,  and  580  adults/1.).  On  Feb.  21  a  total  of  1330  females/1, 
occurred  at  0  C.  (station  12)  but  very  few  eggs  were  found  at  this 
temperature  (Fig.  32).  From  these  data  it  seems  reasonable  to  conclude 
that  egg  production  is  influenced  by  t^perature.  If  the  Feb.  21  (station 
12)  result  is  not  considered  it  is  very  interesting  to  note  that  the  greater 
the  heat  the  greater  the  adult  production  of  K,  longispina. 

When  the  relative  rate  of  increase  of  numbers  was  plotted  against 
temperature  a  different  pattern  (Fig.  33)  emerged.  Because  this  rate 
of  change  is  influenced  by  a  number  of  factors  besides  temperature,  a 
close  correlation  is  not  expected  (Edmondson,  1946).  This  same  author 
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Fig.  32.  Effect  of  temperature  on  numbers  of  adults  of 
KelHoottia  tongispina  per  litre  at  stations 
2,  3,  9,  and  12,  1970. 
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considers  that  the  upper  limit  approximates  the  relationship  betv/een 
temperature  and  reproductive  rate  under  the  conditions  existing. 

Scattering  dovmward  from  this  line  represents  the  action  of  predation 
and  lack  of  sufficient  food  and  perhaps  sampling  error  (Edmondson,  1946, 
and  Hig,  33).  Stations  2  and  3  showed  a  similar  relationship  to  temper¬ 
ature  although  a  higher  per  cent  but  not  greater  rate  of  increase 
occurred  at  station  2,  At  station  9  the  rate  of  change  increased  with 
increased  ten^erature  up  to  15,8  C.  and  decreased  until  it  reached  a 
peak  at  17,8  C.  after  which  it  again  decreased  (Figs.  32  and  33).  At 
station  12  there  was  a  negligible  rate  of  change  with  increased  tempera¬ 
ture.  These  results  suggest  that  K,  longiepim  benefits  from  warmed  water, 
b.  Filinia  lo'rTgieeta  Ehrenborg 

According  to  Hutchinson  (1967)  and  Pej ler  (1965)  Filinia  longieeta 
is  mainly  a  sismuer  form,  Ruttner  (1937)  mentions  that  this  species  occurs 
in  deeper  colder  water.  In  Lake  Websmun,  the  species  was  found  in  greater 
numbers  in  spring  and  then  practically  disappeared  during  the  susianer  of 
1970  (Fig.  34), 

F.  longieeta  feeds  on  small  particles  including  algae,  small  proto¬ 
zoans,  bacteria  (Edmondson,  1957)  and  sediment  (Hutchinson,  1967).  Per¬ 
haps  its  disappearance  during  the  summer  may  have  been  due  to  competition 
and  predation  from  crustaceans  and  other  rotifers. 

Pej ler  (1965)  regards  this  species  as  an  Indicator  of  eutrophic 
conditions.  However,  the  species  has  also  been  found  in  waters  which 
are  definitely  not  outrophic, 

In  Lak®  h'abafitun,  at  station  12  omall  numbers  of  individuals  were 
found  on  only  on®  date  21,  Pig.  34),  Females  carrying  eggs  w’ere 
also  recorded  on  only  on©  occasion  at  station  9  G4ay  29,  only  on©  week 
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Fig.  33.  Effect  of  temperature  on  the  rate  of  change  of 
population  (%/day)  of  Ketlioottia  longispina  at 
stations  2,  3,  9,  and  12,  1970. 
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Fig.  34.  Seasonal  changes  in  temperature  (C.),  numbers  of 
females  and  percentage  of  fonales  with  eggs  of 
Filinia  longiaeta  at  stations  2,  3,  9,  and  12,  1970. 
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later  than  that  at  station  12,  Fig«  34). 

Egg  carrying  females  v;ere  more  frequently  found  at  the  warmer 
stations  (2  and  3).  At  station  3  eggs  were  found  on  two  dates  (April  24 
and  May  29,  Fig.  34).  Up  to  two  eggs  per  female  were  seen  on  April  27. 
It  should  be  noted  that  the  warmer  the  station  the  earlier  the  egg 


production  occuiTed. 

During  winter  (Jan.  -  end  of  Aipril)  the  mean  numbers  of  feinales/1. 
differed  little  with  5.3/1.  at  station  2,  4.9/1.  at  station  3  and  4.8/1. 
at  station  12.  In  summer  there  were  some  differences  (although 
less  than  the  5%  level  of  significance)  between  the  mean  nunibers  of 
females  from  warm  to  cold  water;  at  station  2,  45.0  feraales/1.  station 
3,  18.4  females/1 « 5  while  stations  9  and  12  each  had  means  of  8.3 
females/1.  Mean  nmbers  of  females/1,  for  tlie  complete  sampling  season 
v;ere  25.1/1.  at  station  2,  12.9/1.  at  station  3,  and  6,9/1.  at  station  12. 

More  eggs  w'ere  found  on  females  during  v;  in  ter  in  the  warmed  area, 
with  21.4%  of  the  females  carrying  at  station  2,  14.3%  at  station  3, 

while  none  at  all  were  recorded  at  station  12,  As  with  K,  l-orujisvivta, 
the  situation  was  reversed  after  break-up  (from  May  1);  at  station  2, 

7.3%  of  the  females  carx’ied  eggs,  1.2%  ar.  station  3,  2.6%  at  station  9 
and  8,3%  at  station  12,  the  coldest  zone.  Mean  percentages  for  tlie 
entire  study  wei’e  14.4%  at  station  2,  6,C%  ax  station  3,  and  5.0%  at 
statioji  12.  These  results  were  not  statistically  significant. 

During  the  sampling  period  F.  longieet-a  was  not  found  at  all  at 
tewperatiires  greater  than  22.4  C.  (Fig.  35).  This  would  indicate  that 
this  species  could  not  tolerate  temperatures  greater  than  this,  and  hence 
was  not  present  in  v/amied  v;ater  during  the  summer  period  (Fig.  35).  Eggs 
were  found  on  specimens  between  12  and  21  C.  This  suggests  that  the 
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Fig.  35.  Effect  of  temperature  on  numbers  of  adults  of 
FiUnia  longiseta  per  litre  at  stations  2,  3, 
9,  and  12,  1970. 
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species  can  only  produce  eggs  in  a  very  narrow  temperature  range  and  that 
lower  temperatures  are  just  as  important  as  higher  temperatures  in 
influencing  the  seasonal  occurrence  of  this  interesting  animal.  Edmondson 
(1946)  mentions  that  in  a  laboratory  study  on  a  sessile  species, 

Flosaularia  ooniferaj  which  had  been  living  at  18  -  20  C.  did  not  feed 
nor  lay  eggs  at  10  C.  A  similar  reaction  could  conceivably  occur  during 
winter  in  F»  longiseta  where  the  animal  in  warmer  water  might  be  producing 
eggs  and  after  drifting  into  cooler  water  the  egg  production  could  cease. 
This  is  a  possible  explanation  of  the  absence  of  eggs  at  lower  temperatures 
in  F,  tongiseta  (Fig.  34).  Greatest  numerical  production  occurred  at 
stations  2  and  3  with  slightly  less  at  station  9  and  lowest  production  at 
station  12  (Fig.  35). 

Plotting  the  relative  rate  of  increase  of  numbers  against  temperature 
(Fig.  36),  a  very  narrow  range  of  temperature  was  found.  Definite  bound¬ 
aries  occurred  at  either  end  of  the  scale  (9.3  -  22.4  C.)  indicating  that 
the  species  is  stenothermal.  The  absence  of  the  species  in  water  warmer 
than  22.4  C.  indicates  that  the  species  has  not  adapted  to  the  thermal 
effluent  (Fig.  36). 

At  station  2  the  rate  of  change  was  unaffected  by  temperature.  At 
station  3  the  rate  decreased  with  increased  temperature.  Station  9  was 
the  only  sampling  site  at  which  the  rate  of  change  increased  with  in¬ 
crease  in  temperature  (Fig,  36).  At  station  12  the  rate  of  change  was 
unaffected  by  temperature.  These  results  indicate  that  both  coolest  as 
well  as  warmest  water  is  detrimental  to  this  species, 
c.  Keratella  hiemalia  Carlin 

As  mentioned,  Keratella  hiemalia  has  filter  feeding  habits  similar 
to  both  K,  longiagina  and  K»  ooohlearia  (Edmondson,  1960,  1965;  Hutchinson, 
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Fig.  36.  Effect  of  temperature  on  rate  of  change  of  population 
(%/day)  of  Filinia  longiseta  at  stations  2,  3,  9,  and 
12,  1970. 
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1967;  Nauwerk,  1963).  K,  h'temat'is  often  has  difficulty  in  colonising  an 
area  frequented  by  Z.  longispina  because  of  the  competition  for  food 
(AmrSn,  1964).  In  Lake  Wabamun,  K,  long'ispina  outnumbers  K»  hiematis 
throughout  most  of  the  study  season  (Figs.  31  and  37).  Amrdn  (1964) 
found  K,  hiemalis  at  a  depth  of  20  m.  in  a  lake  on  Spitsbergen  and  he 
explained  the  presence  of  the  species  there  as  an  avoidance  of  competi¬ 
tion.  Such  depths  are  not  found  in  Lake  Wabamun.  In  addition,  the 
stations  in  the  study  area  are  shallow  with  samples  to  only  1.5  m.  so 
that  depth  is  not  considered  important  in  distribution  in  this  part  of 
the  lake. 

According  to  Pejler  (1957),  K»  hiemalie  is  a  littoral  species  and 
a  cold- tolerant  stenotherm,  Williams  (1966)  describes  this  species  as 
being  common  in  late  fall  at  many  cold  water  stations  in  the  northern 
U.S.A.  In  Lake  Wabamun  this  species  was  found  to  have  a  wide  temperature 
tolerance  (Fig.  38). 

In  this  study,  small  numbers  of  individuals  were  found  under  the 
ice  at  station  12,  with  eggs  carried  on  only  one  occasion  during  winter 
(Fig.  37).  A  second  peak  occurred  on  May  21  and  after  this  date  no 
further  egg-carrying  females  were  found.  At  station  9,  eggs  were  also 
carried  on  two  occasions  but  on  two  successive  dates,  on  April  24  and 
again  on  May  1.  No  further  egg-carrying  females  were  observed. 

At  the  two  warmer  stations  (2  and  3)  egg  production  occurred  more 
frequently  and  numbers  of  adults  were  also  greater  (Fig.  37).  Four 
main  peaks  of  egg  production  were  observed  with  up  to  100%  of  the 
females  carrying  eggs.  Earliest  egg  production  was  seen  at  station  2 
(Feb.  7)  followed  by  station  3. 

Slight  but  not  statistically  different  mean  numbers  of  adults  at 
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Fig.  37.  Seasonal  changes  in  temperature  (C.),  numbers  of 
females  and  percentage  of  females  with  eggs  of 
Keratella  hiemalia  at  stations  2,  3,  9,  and  12,  1970. 
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Fig.  38.  Effect  of  temperature  on  numbers  of  adults  of 
Keratella  hiemalis  per  litre  at  stations  2,  3, 
9,  and  12,  1970. 
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the  stations  during  winter;  means  of  14.3  females/1,  at  station  2, 

17.0  females/1,  at  station  3  and  only  7.3  females/1,  under  the  ice  at 
station  12.  After  break-up  (from  May  1)  the  means  showed  greater  dif¬ 
ferences:  87.5  females/1,  at  station  2,  46.2  females/1,  at  station  3, 
only  8.6  females/1,  at  station  9  and  18.3  females/1,  at  station  12.  The 
difference  in  mean  numbers  at  stations  2  and  9  were  significantly  different 
at  the  10%  level  of  significance.  Greatest  mean  numbers  for  the  annual 
period  were  found  in  the  heated  zone:  53.3  females/1,  at  station  2, 

35.4  females/1,  at  station  3,  and  13.9  females/1,  at  the  cooler  station 

12. 

During  winter  some  differences  (not  statistically  significant) 
were  noted  between  the  mean  percentage  of  females  carr>dng  eggs  in  the 
waimer  areas  (16.6%  at  station  2,  25.9%  at  station  3)  and  the  normal  lake 
at  station  12  (4.4%).  After  break-up,  however,  there  were  some  differ¬ 
ences  with  a  mean  of  34.4%  of  the  females  at  station  2  cariying  eggs, 

35.0%  at  station  3,  only  4.9%  at  station  9,  and  4.2%  at  station  12.  At 
station  9  eggs  were  found  on  females  on  only  one  of  the  sampling  dates. 
These  results  were  statistically  significant  to  the  5%  level  or  less. 

Means  for  the  annual  period  were  25.5%  at  station  2,  31.6%  at  station 
3,  and  4.3%  at  station  12.  Differences  in  the  annual  means  between 
stations  2  and  12  were  significant  to  the  5%  level.  Annual  differences 
between  stations  3  and  12  were  statistically  significant  at  the  1%  level. 

0\’'er  the  annual  period  himatie  occurred  over  a  wide  range  of 
temperatures  with  greatest  nimibsrs  at  19.5  C.  (Fig.  33).  Eggs  were 
produced  over  the  same  wide  temperature  range.  This  species  did  not 
show  the  stenothermal  characteristics  mentioned  by  Pejler  (1957).  This 
suggests  that  the  species  may  have  adapted  to  the  unnatural  situation 
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found  in  Lake  Wabamun.  Greatest  production  was  found  in  the  warmest 
waters  (stations  2  and  3,  Fig,  38).  Smaller  maxima  occurred  at 
stations  9  and  12  (Fig.  38), 

The  relative  rate  of  change  plotted  against  temperature  had  an 
upper  boundary  similar  to  that  of  F,  long-iseta  (Figs.  36  and  39).  K. 
hiemati-s  had  a  wider  range  of  change  and  a  greater  temperature  tolerance 
than  F,  tongiseta. 

The  positive  rate  of  change  was  greatest  at  station  9  (Fig.  39). 
However,  these  rates  decreased  with  increased  temperature  at  stations 
2,  3,  and  9.  At  station  12  rates  were  negative  at  lower  temperatures 
but  increased  with  increasing  temperature  (above  12  C.).  These  results 
indicated  that  although  warm  temperatures  are  tolerated,  the  species 
prefers  water  at  station  12  above  12  C.  (Fig.  39). 
d.  Keratella  coohlearie  Gosse 

Kevatetla  oocKlear'is  is  an  almost  ubiquitous  species  (Hutchinson, 
1967)  and  may  be  the  most  common  species  of  rotifer  in  the  world 
(Ahlstrom,  1940).  It  is  a  morphologically  variable  species  and  it  is 
possible  that  differences  will  occur  in  the  rate  of  development  of 
different  populations  (Edmondson,  1960). 

As  mentioned,  the  food  of  K,  aochtearie  consists  of  small  y-algae 
and  particles  the  same  size  as  those  grazed  on  by  K,  tongispina  and  K. 
hiemalis  (Edmondson,  1957). 

Specimens  of  both  K,  oooHleavia  and  K,  earUnae  were  seen  inside 
the  stomadi  of  the  voracious  carnivore  Aeplanahna  priodonta.  However, 
it  is  possible  that  little  effect  was  shown  by  this  predator  on  K, 
QOQhtearis  because  A,  priodonta  was  more  frequently  seen  carrying  diatoms 
and  other  algae  in  its  stomach  than  K»  Qoohlearis  or  K,  earlinae*  It 
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Fig,  39.  Effect  of  temperature  on  the  rate  of  change  of 

population  (%/day)  of  Keratella  hiematis  at  stations 
2,  3,  9,  and  12,  1970. 
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is  interesting  to  note  that  K,  himatis  was  never  found  in  A,  priodonta^ 
perhaps  because  it  may  be  more  difficult  to  swallow  with  its  two  widely 
spaced  posterior  spines  (Plates  11  and  12). 

Edmondson  (1960)  reported  that  reproduction  of  K.  ooahlearis  is 
strongly  influenced  by  temperature  and  food  supply.  The  same  author 
found  a  lowered  production  at  lower  temperatures.  The  species  is  eury- 
thermal  and  may  be  found  in  either  oligotrophic  or  eutrophic  lakes 
(Pejler,  1962). 

Mean  numbers  of  females  during  winter  were:  25.1  individuals/ 1. 
at  station  2,  20.9  indivi duals/ 1.  at  station  3  and  25.3  individuals/1,  at 
station  12.  After  break-up  (from  May  1)  the  means  were  46.4  individuals/1, 
at  station  2,  52.5  individuals/ 1.  at  station  3,  24.6  individuals/ 1.  at 
station  9  and  24.4  individuals/ 1.  at  the  control  station  12.  These 
results  were  not  statistically  significant. 

Means  for  the  annual  period  were  35.6  individuals/l.  (station  2), 
40.8  individuals/1,  (station  3)  and  24.6  individuals/ 1.  (station  12). 

It  is  interesting  to  note  that  no  eggs  were  found  on  any  females 
from  samples  taken  under  the  ice  at  station  12.  During  the  same  winter 
period  a  mean  of  8.2%  of  the  females  in  the  heated  zone  at  station  2 
and  a  mean  of  2.3%  of  the  females  at  station  3  carried  eggs. 

After  break-up  ^ay  1)  a  mean  of  53.7%  of  the  females  at  station 
12  carried  eggs.  On  three  dates  100%  of  the  females  carried  eggs  at 
station  12  (Fig.  40).  At  station  9  a  mean  of  16.3%  of  the  females  carried 
eggs  and  14.7%  at  station  2.  Station  3  had  a  mean  of  14.3%.  These 
results  had  no  statistical  significance.  During  the  annual  period  a  mean 
of  32.2%  of  the  females  carried  eggs  at  station  12,  10.1%  at  station  3, 


and  11.3%  at  station  2. 
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Fig.  40.  Seasonal  changes  in  temperature  (C.),  numbers  of 
females  and  percentage  of  females  with  eggs  of 
Keratella  coohlearie  at  stations  2,  3,  9,  and  12,  1970. 
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Plotting  numbers/l.  against  temperature,  females  of  K.  aoohlearis 
were  found  over  the  complete  temperature  range  (0  -  29  C.)*  Greatest 
numbers  were  found  at  16.8  C,  (station  3,  Fig.  41).  Peak  numbers  of 
eggs  were  found  at  the  same  temperature.  No  eggs  were  seen  on  any 
specimens  at  temperatures  below  9.8  C.  or  above  26.6  C.  It  is  possible 
that  at  lower  temperatures  egg  production  ceases  as  was  indicated  for 
F,  longiseta  (Fig.  40).  The  apparent  range  of  temperature  tolerance 
for  the  eggs  is  greater  for  K,  oooKlearis  than  for  F.  longiseta. 

Plotting  the  relative  rate  of  change  in  numbers  against  tempera¬ 
ture  (Fig.  42)  there  is  a  slight  tendency  for  the  rate  to  rise  with 
increase  in  temperature  but  not  nearly  as  steeply  as  for  K,  longispina 
(Fig.  33).  This  could  possibly  indicate  that  K,  Qoohleojpia  is  somewhat 
less  sensitive  to  temperature  change  than  K,  longispina^  although  both 
species  apparently  tolerate  the  wide  range  of  temperatures  they  exper¬ 
ience. 

The  positive  rate  of  change  was  slightly  greater  at  station  3 
than  at  the  other  stations,  up  to  18  C.  At  temperatures  greater  than 
this  the  rate  declined  rapidly  at  station  3  but  increased  slightly  at 
stations  2  and  9.  At  station  12  the  rate  o:f  change  remained  steady 
over  the  normal  temperature  range  of  the  lake, 
e.  Kevatella  eavlinae  Ahlstrom 

According  to  Ahlstrom  (1943)  K.  earlinae  has  been  observed  in 
material  collected  from  April  to  September  but  in  Lake  Wabamun  the 
species  was  collected  in  February  also  (Fig.  43). 

In  Lake  Wabamun,  K,  earlinae  was  less  common  than  K,  ooahlearis 
(Figs.  40  and  43)  although  their  periods  of  occurrence  overlapped. 
Greatest  numbers  of  both  species  were  found  after  the  spring  break-up. 
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Fig.  41.  Effect  of  temperature  on  numbers  of  adults 

of  Keratella  aochleccpis  per  litre  at  stations  2,  3, 
9,  and  12,  1970. 
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Fig.  42.  Effect  of  temperature  on  the  rate  of  change  of  population 
C%/day)  of  Keratella  oochlearis  at  stations  2,  3,  9,  and 


12,  1970. 
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Fig.  43.  Seasonal  changes  in  temperature  (C.),  numbers  of 
females  and  percentage  of  females  with  eggs  of 
Keratella  earlinae  at  stations  2,  3,  9,  and  12,  1970. 
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During  winter  numbers  were  small  and  mean  numbers  of  females 
differed  little  between  the  warm  and  cold  stations.  At  station  2  the 
mean  was  2.1  individuals/1. ,  compared  to  1.4  individuals/1,  at  station 
3  and  2.9  individuals/ 1.  at  station  12.  Mean  numbers  were  slightly 
higher  during  the  summer  with  means  of  5.0  females/1,  at  station  2, 

11.3  females/1,  at  station  3,  5.8  females/1,  at  station  9  and  4.2 
females/ 1.  at  station  12.  The  means  for  the  annual  period  were  3.0 
females/1,  at  station  2,  7.6  females/1,  at  station  3  and  4.5  females/1, 
at  station  12.  None  of  these  differences  were  statistically  significant. 

Some  differences  were  found  in  the  percentages  of  females  carrying 
eggs.  During  winter  a  mean  of  14.3%  of  the  females  at  station  2  carried 
eggs  compared  to  none  at  all  at  stations  3  and  12.  However,  it  should 
be  kept  in  mind  that  numbers  were  small  and  this  might  tend  to  distort 
the  results.  In  the  summer  (from  May  1),  4.8%  of  the  females  carried 
eggs  at  station  2,  29.2%  at  station  3,  9.4%  at  station  9  and  10.0%  at 
station  12.  Annual  means  were  9.5%  at  station  2,  18.4%  at  station  3 
and  10.0%  at  station  12.  Again  small  numbers  could  be  the  cause  of 
some  of  the  variation  in  numbers. 

Plotting  the  numbers/1,  against  temperature,  it  was  found  that 
K,  earlinae  adults  occurred  at  temperatures  from  0  to  25.5  C.  (Fig.  44). 
Greatest  numbers  were  found  at  a  temperature  of  18  C.  (Fig.  44).  It 
is  interesting  to  note  that  the  greatest  maximum  number  of  adults 
occurred  at  station  3  with  less  at  station  9  and  fewest  at  the  warmest 
(station  2)  and  coolest  (station  12)  (Fig.  44). 

K,  earlinae  as  well  as  F,  longiaeta  and  K,  coahlearie  cease  egg 
production  at  normal  winter  temperatures.  The  relative  rate  of  change 
in  numbers  was  not  plotted  against  temperature  for  K,  eoplinae  and  the 
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Fig.  44. 


Effect  of  temperature  on  nijmbers  of  adults 
of  Kevatelta  eavlinae  per  litre  at  stations  2,  3, 
9,  and  12,  1970. 


5 


30 


Q 

A 

A 

2, 


I  •(T**- 


oec 


3, 


|V 


•OSS 


0 


j\ 


«i 


-i  ^ 

A 


f  ii 


■■Ss 


*» . 


f 


I 


at- 


Qt 


""^T******^*****^^ '*  '  '>  I  »  I  ^11  ■  ||\  ,m  ly  ■  '> 

w  OS  ai  01 

“  .0  siutBisqmsT 


.  d' 

t 

'■J  ^ 

-T-7^ 


r 


'  f 
■<.»' '  ‘ 


jfc’ 

» 

.  <■  ■ 

<9 


1 


I  0) 

osr^ 

a. 

3 

c 

■001^ 


>ot 


' 

I  ■  ^ 


j  '■  a 

> 


;  “  **  ■ 


,v-  -,■  '■ 

.■  / 


I  'r' 

4 


■  !*  ; 

;'il  * 

fci 


106 

species  following  because  the  numbers  involved  were  rather  low. 
f.  Asplanohna  priodonta  Gosse 

Aeptanohna  prdodonta  is  quite  different  from  the  preceding  species 
in  some  ways,  being  a  large  carnivore  and  producing  live  young  (Plates 
11  and  12).  However,  it  had  a  somewhat  similar  seasonal  cycle  to  K, 
QooKlear^s  and  K»  eccc*1'lr\ae  (Figs.  40,  43  and  45).  As  mentioned,  both 
of  these  species  were  found  inside  the  stomach  of  A,  priodonta^  as  well 
as  some  diatoms  and  other  algae  too  digested  to  be  identified. 

Hutchinson  (1967)  mentions  that  A»  priodonta  has  somewhat  sharper 
maxima  (in  numbers)  than  those  of  other  perennial  species.  In  Lake 
Wabamun,  after  the  main  maximum  occurred  in  late  May  the  species  dis¬ 
appeared  almost  completely  (Fig.  45).  This  pattern  is  similar  to  one 
described  by  Hutchinson  (1967)  except  that  the  main  maximum  occurred  in 
May  in  Lake  Wabamun  instead  of  in  July. 

Only  numbers  of  adults  of  A,  priodonta  were  compared  because  the 
embryos  were  sometimes  obscured  by  the  stomach  contents,  and  so  embryo 
to  adult  ratios  could  not  be  calculated  accurately.  During  the  winter 
a  mean  of  5.0  individuals/ 1.  was  found  at  station  12  compared  to  lower 
means  of  2.2  and  2.9  individuals/1,  at  stations  2  and  3,  respectively. 
After  break-up  greatest  mean  numbers  were  recorded  in  the  warmer  area: 
16.4  individuals/1,  at  station  2,  12.9  individual s/1,  at  station  3, 

7.9  indivi duals/ 1.  at  station  9  and  only  2.5  indi vi duals/ 1.  at  the 
unaffected  station  12.  Annual  means  were:  9.3  females/1,  at  station  2, 
9.2  females/1,  at  station  3  and  3.5  females/1,  at  station  12.  None  of 
these  differences  were  within  5%  range  of  significance. 

A.  priodonta  was  found  at  all  temperatures  occurring  in  the  lake 
(Fig.  46).  Greatest  numbers  were  found  at  intermediate  t^peratures  with 
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Fig.  45.  Seasonal  changes  in  temperature  (C.),  numbers  of 
females  of  Asptanahna  priodonta  at  stations  2,  3, 
9,  and  12,  1970. 
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Fig.  46.  Effect  of  temperature  on  numbers  of  adults  of  Asylanahna 
priodonta  per  litre  at  stations  2,  3,  9,  and  12,  1970. 
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a  maximum  at  21.5  C,  (station  2,  Fig.  46).  Fewest  specimens  were  found 
at  the  coldest  station  12  (Fig.  46). 

g.  Notholoa  aauminata  (Ehrenberg) 

Carlin  (1943)  describes  Notholaa  aomiinata  as  a  cold  stenotherm. 

This  species  occurred  in  winter  in  Lake  Wabamun  and  disappeared  in  late 
May  (Fig.  47). 

It  is  interesting  to  note  that  N,  aaiminata  was  found  in  greatest 
concentration  in  samples  which  were  muddy  or  silty.  Pejler  (1962)  found 
the  species  in  fine  detritus  gyttja  in  Swedish  waters.  It  is  possible 
that  the  species  feeds  on  minute  particles  in  the  dirty  water.  Pejler 
(1962)  found  diatoms  in  the  stomachs  of  some  of  his  specimens  but  no 
distinguishable  food  was  recognised  from  the  Lake  Wabamun  samples. 

Eggs  were  rarely  seen.  Becaiise  of  this  only  a  comparison  of  adult 
females  was  made. 

Greatest  mean  numbers  of  females  occurred  during  the  winter  at 
station  2  (13.9  individuals/1. )  compared  to  2.6  individuals/ 1.  at  station 
3  and  only  0.4  individual s/1,  at  station  12.  Differences  between  stations 
3  and  12  were  statistically  significant  at  the  10%  level.  After  break-up 
the  means  were  lower  because  no  specimens  were  found  from  the  end  of  May. 
The  annual  means  were:  10.3  females/1,  at  station  2,  2.6  females/1,  at 
station  3  and  only  1.2  females/1,  at  station  12. 

N,  aouminata  occurred  at  temperatures  ranging  from  0  -  22.4  C.  with 
greatest  numbers  at  intermediate  temperatures  (12  -  17  C.  approx. ,  Fig. 

48) .  This  species  does  not  appear  to  have  adapted  to  the  highest  temper¬ 
atures  found  with  the  thermal  effluent. 

h.  Potyarfhra  vulgaris  Carlin 

Polyarthra  vulgaris  is  a  perennial  species  usually  having  a  maximum 
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Fig.  47.  Seasonal  changes  in  temperature  (C.),  numbers  of 
females  of  Notholoa  aoiminata  at  stations  2,  3, 
9,  and  12,  1970. 


Numbers  per  litre  Temperature 


Ill 


Fig.  48.  Effect  of  temperature  on  numbers  of  adults  of  l^otholoa 
aayminata  per  litre  at  stations  2,  3,  9,  and  12,  1970. 
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in  late  spring  or  early  summer  in  a  temperature  range  from  below  15  C. 
to  about  20  C.  (Hutchinson,  1967).  Pejler  (1956)  regards  this  species 
as  being  eurythermal.  In  Lake  Wabamun  the  maximum  occurred  at  a 
temperature  of  21.0  C.  at  station  3  (Figs.  49  and  50). 

No  egg  ratio  is  included  in  the  data  for  this  species  because 
eggs  were  rarely  seen. 

No  specimens  were  found  at  stations  2  and  3  during  the  winter. 

At  station  12  a  mean  of  only  1.0  females/1,  occurred.  The  first  specimens 
were  found  at  station  2  on  May  14.  Specimens  were  not  found  at  station  3 
until  May  21  and  at  station  9  the  first  specimens  were  not  seen  until 
May  29.  From  this  date  it  seems  likely  that  initial  increase  in  numbers 
is  temperature  sensitive  (14  -  22  C.  range). 

The  mean  number  at  station  2  for  the  summer  season  (from  May  1) 
was  35.7  females/1,  compared  to  15.0  females/1,  found  at  station  3, 

9.6  females/1,  at  station  9  and  18.3  females/1,  at  station  12  during  the 
same  period.  Annual  means  were:  17.9  females/1,  at  station  2,  9.5 
females/1,  at  station  3  and  11.4  females/1,  at  station  12.  These  mean 
differences  were  not  statistically  significant. 

P.  vulgaris  occurred  at  a  slightly  wider  range  of  temperatures 
than  N.  aouminata  (Figs.  48  and  50)  indicating  that  P.  vulgaris  may  be 
adapted  to  slightly  higher  temperatures  than  iV.  acuminata.  A  slightly 
smaller  maximum  occurred  at  station  3  than  at  station  2,  with  lesser 
maxima  at  stations  9  and  12  (Fig.  50). 
i.  Conochilus  unicornis  Rousselet 

Conochilus  unicornis  is  a  colonial  species  of  rotifer.  The  colony 
apparently  eats  food  of  less  than  10  y  in  diameter  (Naumann,  1923). 
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Fig.  49.  Seasonal  changes  in  temperature  (C.),  numbers  of 
females  of  Polyarthra  vulgaris  at  stations  2,  3, 
9,  and  12,  1970. 
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Fig.  50.  Effect  of  temperature  on  numbers  of  adults  of  "Polyapthra 
vulgaris  per  litre  at  stations  2,  3,  9,  and  12,  1970. 
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The  species  did  not  occur  at  any  of  the  four  stations  during 
winter  in  Lake  Wabamun  (Fig.  51).  Colonies  first  appeared  on  May  14 
at  each  of  these  stations  (Fig.  51).  The  colonies  generally  had  up  to 
12  individuals  although  a  few  had  greater  numbers.  The  species 
occurred  only  between  May  14  and  July  3  (Fig.  51). 

During  this  period  the  mean  at  station  2  was  18.6  individuals/1, 
compared  to  7.1  indi vi duals/ 1 .  at  both  stations  9  and  12.  These  dif¬ 
ferences  were  not  statistically  significant. 

C.  uTvioomis  occurred  at  a  relatively  narrower  range  of  tempera¬ 
tures  (9.8  -  25.6  C.).  Maximum  numbers  were  found  at  11.8  C.  (Fig.  52). 
The  relatively  narrow  temperature  range  indicates  that  this  species  is 
a  warm  stenotherm  in  this  lake. 

Temperature  range  for  the  eggs  and  adults  of  these  nine  species 
of  rotifers  are  presented  in  Table  10  and  Fig.  53. 
j .  Other  Rotifers 

A  list  of  the  other  rotifers  found  in  Lake  Wabamun  is  presented  in 
Table  11.  The  six  most  common  of  these  species  were  plotted  on  a  graph 
(Fig.  54), to  get  a  rough  comparison  of  their  occurrence  in  hot  (station  3) 
or  cold  (station  12)  water  (Fig.  54).  GaetToyuB  atylifev  was  found 
earlier  under  the  ice  than  in  the  open  water  (Fig.  54).  Triohoaevoa 
multiorinia^  Coluvelta  sp.  and  Monostyla  sp.  were  all  found  earlier  in 
the  heated  area  (Fig.  54).  Leoane  sp,  was  only  found  at  station  3. 
Ploeeoma  lentiautocre  appeared  on  March  15  at  both  stations.  Samples  were 
taken  only  until  July  31  at  station  12  so  comparisons  after  this  date 
could  not  be  made.  In  all  six  species  numbers  found  were  very  small  and 
7.6  indivi duals/ 1 .  or  less  were  recorded  on  all  but  one  date  (30.0 
individuals/ 1.  of  Triohooeraa  multiarinie  were  counted  on  July  31). 
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Fig.  51.  Seasonal  changes  in  temperature  (C.),  numbers  of 
individuals  of  Conoohilus  unioovnia  at  stations  2, 
3,  9,  and  12,  1970. 
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Fig.  52.  Effect  of  temperature  on  numbers  of  adults  of  Conoohilus 
uniooTTvis  per  litre  at  stations  2,  3,  9,  and  12,  1970. 
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Table  10.  Temperature  range  for  eggs  and  adults  of  9  species  of 
rotifers . 


1.  Adults  found  in  hottest  water  -  0  -  29  C.  (8  C.  above  normal) 

K.  Zongis'pina 
K.  hiemalis 
K.  ooahlearis 
A.  priodonta 

Eggs  developed  at  temperatures  from  0  -  29  C. 

K.  longispina 
K,  hiemalis 

2.  Adults  found  in  intermediate  temperatures  -  0  -  26.6  C. 

(6.2  C.  above  normal) 

K,  eavlinae 

P.  vulgaris 

C.  unicornis 

Eggs  developed  at  temperatures  from  9.8  -  26.6  C. 

K.  Qoohlearis 
K.  earlinae 

3.  Adults  found  in  temperatures  from  0  -  22.4  C.  (2  C.  above  normal) 
F,  longiseta 

N.  acuminata 

Eggs  developed  at  temperatures  from  12.0  -  22.4  C. 

F.  longiseta 
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Fig.  53.  Temperature  range  for  eggs  and  adults  of  nine  species 
of  rotifers. 
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Table  11.  Seasonal  occurrence  of  less  common 
compiled  from  all  stations) 

rotifers , 

1970.  (Data 

Species 

Frequency  of 
Occurrence 

Dates  of 
Occurrence 

Chromogaster  ovalis 

infrequent 

Jan. 

31 

-  Aug. 

10 

Euahlanis  sp. 

II 

Jan. 

31 

-  July 

17 

Asaomorpha  saltans? 

II 

Jan. 

31 

-  May 

14 

A .  eaaudis 

It 

Jan. 

31 

-  May 

29 

Polyarthra  euryptera 

II 

Feb. 

7  - 

Aug. 

27 

Soartdiim  longdaaudwn? 

rare 

Feb . 

7 

Gastropus  sty  lifer 

occasional 

Feb. 

7  - 

Aug. 

27 

G.  hyptopus 

rare 

Feb. 

7  - 

May  14 

Collotheoa  pelagioa 

II 

Feb. 

7 

Colurella  sp. 

occasional 

Feb. 

7  - 

Aug. 

27 

Triahotria  tetraatis 

II 

Feb. 

7  - 

Aug. 

27 

Lepadella  sp. 

rare 

Feb. 

7 

Synahaeta  sp. 

n 

Feb. 

7  - 

May  14 

Testudinella  sp. 

It 

Feb. 

21 

Triahooeroa  multiorinis 

occasional 

Feb. 

21 

-  Aug. 

27 

Monostyla  sp. 

II 

Feb. 

21 

-  Aug. 

27 

Leaane  sp. 

If 

Feb. 

-  Aug.  27 

Ploesoma  lentioulare 

infrequent 

Mar. 

15 

-  Aug. 

27 

Dipleuahlanis  sp. 

II 

Mar. 

15 

-  July 

24 

Asaomorpha  minima 

rare 

Mar. 

15 

-  Mar. 

26 

Triahotria  poaillvm 

If 

Mar. 

26 

-  May 

21 

Mikroaodidea  ahlaena? 

II 

Mar. 

26 

Cephalodella  sp. 

If 

Mar. 

26 

-  May 

14 

Enaentrum  sp. 

If 

Mar. 

26 

Mytilina  sp. 

infrequent 

Mar. 

-  Aug.  10 

Triahoaeraa  longiseta 

II 

Mar. 

26 

-  Aug. 

27 

Braahionus  patulus 

II 

Mar. 

26 

-  Aug. 

10 

Conoahiloides  exiguus? 

rare 

May 

14  - 

May  21 

Epiphanes  sp. 

fl 

May 

21 

Sinantherina  sp. 

II 

May 

29 
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Table  11  (Cont'd) 


Species 


Frequency  of  Dates  of 

Occurrence  Occurrence 


Conoehtlus  hippoarepis 
Tr-iohooeroa  dixon-riuttdi'Li 
T-piohoceroa  povaellus 
Asoomovphelta  Volvo oioola 


infrequent 

rare 


June  3  -  June  19 
July  17  -  Aug.  27 
July  24  -  Aug.  10 
Aug.  10 
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Fig.  54.  Seasonal  occurrence  of  six  less  common  species  of 

rotifers  at  stations  3  (heated)  and  12  (cool),  1970. 
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Because  of  the  small  numbers  involved  it  seems  unwise  to  draw  any  con¬ 
clusions  . 

In  summary,  it  might  be  stated  that  the  heated  effluent  does  in 
fact  have  an  effect  on  both  the  adults  and  eggs  of  the  rotifer  species 
analysed.  Some  of  the  species  (see  below)  failed  to  produce  eggs  at 
temperatures  above  22.4  C,  A  few  species  were  not  present  as  adults  at 
higher  temperatures  than  22.4  C.  Increased  temperature  also  affected 
rates  of  population  change.  In  K.  tongispina^  F,  longiseta  and  K, 
ooahlearis  the  positive  rate  of  change  increased  with  increase  in  temper¬ 
ature  (Figs.  33,  35  and  42).  Temperature  increase  had  the  opposite 
effect  on  K»  hi-emalis.  The  rate  of  change  decreased  with  increase  in 
temperature  in  this  species  (Fig.  39). 

The  influence  of  temperature  on  the  nine  species  can  be  divided 
into  three  groups  depending  on  whether  or  not  the  species  can  survive 
the  full  range  of  temperature,  an  intermediate  range  or  a  narrow  tonper- 
ature  range  (Fig.  53;  Table  10). 

1.  Four  species  of  rotifers  are  seemingly  adapted  to  the  complete 
temperature  range  found  in  the  lake  (0  -  29  C.)  (Fig.  53,  Table  10). 
However,  only  K,  tongispina  and  K.  hiematis  produced  eggs  over  the  same 
temperature  range  and,  therefore,  are  the  only  two  (of  nine  analysed) 
species  completely  adapted  to  the  whole  temperature  range  as  both  eggs 
and  adults  (Fig.  53,  Table  10). 

2.  Three  species  may  be  placed  into  a  second  category  which  contains 
adults  to  a  maximum  temperature  of  26.6  C.  Two  species  produced  eggs 
to  this  maximum  and  in  one  of  these  species  (K.  aodhlearis)  the  adults 
seemingly  tolerated  a  wider  range  of  temperature  than  the  eggs  (Fig.  53, 
Table  10). 
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3.  The  third  temperature  range  contained  two  species  which  were  found 
in  waters  only  up  to  22.4  C.  (2.0  C.  higher  than  the  normal  maximum  lake 
temperature).  It  is  quite  possible  that  these  two  species  have  not 
adapted  to  water  heated  above  the  normal  summer  maximum  in  a  lake,  though 
the  22.4  C.  limit  at  which  the  species  were  found  could  possibly  be 
reached  in  a  very  warm  simimer  in  an  unaffected  lake. 

Because  all  of  the  rotifer  species  survived  temperatures  up  to 
22.4  C.  or  higher  it  might  be  reasonable  to  consider  temperatures  in 
excess  of  22.4  C.  as  thermally  polluting  in  Lake  Wabamun.  Hence,  a  defi¬ 
nition  for  thermal  pollution  (for  rotifers)  in  this  lake  might  be  "the 
heating  of  lake  water  in  excess  of  22.4  C."  However,  this  definition 
might  only  be  acceptable  for  the  summer  season  because  normal  lake  tem¬ 
peratures  are  much  cooler  at  other  seasons. 

Surface  Samples 

From  June  6  to  October  19,  1969,  a  neuston  sampler  modified  from 
the  design  of  David  (1965)  (Plates  1  and  2)  was  towed  for  100  m.  in  the 
inlet  and  outlet  canals  and  at  station  12.  To  make  a  direct  comparison 
of  fauna  between  the  three  areas  a  correction  had  to  be  made  for  the 
greater  volume  of  water  passing  through  the  net  in  the  two  canals.  During 
a  100  m.  tow  in  the  canals  it  was  found  that  a  volume  of  water  1.5 
(approx.)  times  greater  passed  through  the  net  than  in  the  open  water, 

N 

assuming  that  the  latter  is  motionless  or  very  nearly  so.  Therefore, 
was  the  correction  factor  used  where  N  was  the  number  of  organisms  passing 
through  the  net  in  a  100  m.  tow  in  the  canals. 

The  fauna  from  each  of  the  different  areas  was  then  compared  to 
discover  whether  the  widely  different  temperatures  in  the  area  affected 
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the  surface  fauna.  It  would  seem  likely  that  turbulence  caused  by  cur¬ 
rents  in  the  canals  would  dislodge  some  of  the  organisms  at  the  air- 
water  or  water-air  interfaces.  However,  the  net  sampled  the  top  8  cm. 
in  each  of  the  areas  and  comparisons  were  made  after  the  correction  was 
applied.  Slight  variation  from  the  1.5  probably  occurred  but  for  quali¬ 
tative  comparisons  it  seems  reasonable  to  use  this  figure, 
a.  Protista 

To  get  some  idea  what  protistans  were  present  living  samples  were 
examined  immediately  on  return  from  the  field  to  the  laboratory.  At  least 
60  species  were  identified  using  mainly  Kudo’s  (1966)  and  Jahn’s  (1949) 
keys.  Taking  Ceratiwn  hirundinetta  as  a  typical  unicellular  organism  a 
comparison  was  made  of  its  seasonal  distribution  in  the  three  areas. 

Greatest  numbers  occurred  in  each  area  on  July  4,  1969  (Table  12). 
The  mode  occurred  almost  a  year  later  (in  the  pump  samples)  on  July  10, 
1970  (Fig.  29).  The  temperature  at  Sundance  on  that  date  was  15.5  C. 
and  this  may  be  compared  to  the  temperature  of  14.4  C.  at  which  Findenegg 
(1943)  found  this  species  in  greatest  numbers  in  some  of  the  Corinthian 
lakes . 

Of  these  three  areas  the  mean  number  in  the  outlet  canal  was  11151 
individuals/m. ^  higher  than  the  8003  individuals/m. ^  in  the  inlet  canal 
and  only  5856  individuals/m. ^  in  the  open  lake  at  Sundance.  It  should  be 
kept  in  mind  that  the  inlet  canal  mouth  is  comparable  to  a  funnel  drawing 
organisms  from  the  lake  and  concentrating  them  in  a  smaller  area.  The 
planktonic  organisms  are  unlikely  to  overcome  the  currents  and  escape. 

It  is  more  difficult  to  explain  the  even  greater  number  of  specimens  in 
the  warmest  area,  i.e,  the  outlet  canal.  It  was  stated  i  n  an  earlier 
section  that  C.  hirundinella  tends  to  avoid  the  stations  near  the  outlet 
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Table  12.  Comparison  of  selected  species  from  surface  samples  taken  by 
neuston  net  from  outlet  and  inlet  canals  and  Sundance,  1969, 


Species 


Ceratium  hivundinelta 
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canal  because  of  the  heated  water,  but  it  seems  unlikely  that  it  can 
avoid  getting  into  the  canals  because  of  the  currents.  However,  the 
organism  may  not  survive  in  the  warmer  water  because  if  it  did  then  it 
would  have  been  more  prevalent  at  stations  1-7. 
b.  Rotifera 

No  eggs  were  counted  when  analysing  the  neuston  rotifers  but  a 
numerical  comparison  was  made  similar  to  the  one  for  C.  hirundinetla. 

Of  the  four  most  common  species  (Keltioottia  longispina^  Keratella  oooh- 
learis^  Keratella  hiemalis  and  Filinia  tongiseta)  described  in  detail  in 
the  previous  section,  one  was  completely  absent  from  the  three  areas 
(Filinia  longiseta) ,  This  was  surprising  considering  the  fact  that  it 
is  regarded  as  a  summer  species  (already  mentioned).  However,  even  with 
the  pump  samples  the  following  summer  it  occurred  in  low  numbers  and 
a  possible  explanation  was  given  in  that  section.  The  other  three  species 
are  treated  here. 

Ker>atella  aochlearis  was  the  most  abundant  species  during  the  summer 
of  1969  (Table  12).  This  species  was  most  abundant  at  Sundance  (mean 
6847  individuals/m. ^) ,  with  lower  numbers  in  the  outlet  canal  (mean  4523 
individuals/m. ^)  and  a  mean  of  only  3546  individuals/m. ^  in  the  inlet 
canal.  It  is  significant  to  note  that  on  August  15  only  1911  indivi¬ 
duals/m. ^  were  found  in  the  outlet  canal  (temperature  31.8  C.),  1333 
individuals/m. ^  in  the  inlet  (temperature  27.1  C.)  and  20200  individuals/m. ^ 
at  Sundance.  The  extremely  high  temperatures  in  the  canals  on  this  date 
appeared  to  be  very  unsuitable  to  the  rotifer  and  it  obviously  attempted 
to  avoid  the  area  but  currents  probably  managed  to  channel  the  animals 
found  towards  the  inlet  canal.  Considering  the  possible  effect  of  con- 
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centration  by  funneling  organisms  into  the  canal  the  tremendous  numerical 
difference  between  the  areas  is  very  significant. 

Keltioottia  longispina  was  found  only  up  to  July  4  in  the  outlet 
canal  (Table  12)  but  also  on  two  later  dates  in  the  inlet  canal.  The 
species  was  not  found  at  Sundance  at  all.  However,  there  is  no  reason  to 
suspect  that  it  was  confined  to  the  canals.  A  mean  of  392.6  individuals/m. ^ 
was  recorded  for  the  outlet  canal  compared  to  the  mean  of  280.5  indivi¬ 
duals/m.  ^  in  the  inlet  canal. 

Keratetla  hiemdlis  was  found  in  small  numbers  during  the  same  period 
at  all  three  areas.  The  mean  of  35.5  individuals/m. ^  occurred  in  the 
inlet  canal  with  fewer  (mean  of  29.4  individuals/m. ^)  in  the  outlet  canal 
and  fewest  (mean  of  22.0  individuals/m. ^)  at  Sundance.  No  temperature 
effect  could  be  noticed  here  because  of  the  small  numbers. 

Of  the  22  species  of  rotifers  found  at  Sundance  only  Ploesoma 
tentioulare  and  Cupetopagis  vovax?  were  not  found  in  either  of  the  canals. 
However,  both  of  these  species  were  only  found  on  one  occasion  each. 
Similarly,  a  few  species  occurred  sporadically  in  one  or  the  other  of  the 
canals  and  not  at  Sundance  but  this  could  not  be  considered  significant. 

Bottom  Fauna 

Bottom  samples  were  collected  regularly  at  stations  4  and  13  from 
June  26,  1968  to  August  26,  1969.  At  least  one  Ekman  dredge  sample  was 
collected  from  each  of  these  areas  on  each  sampling  date  and  analysed 
(Appendix  X)  . 
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DISCUSSION 


On  page  124  a  workable  definition  of  thermal  pollution  was  given 
which  took  the  summer  maximum  temperature  into  account.  Using  this 
definition,  the  north-east  end  of  Lake  Wabamun  was  considered  to  be 
thermally  polluted  much  of  the  time  during  the  study  season. 

Lake  Wabamun  is  considered  eutrophic  as  mentioned  in  the  Intro¬ 
duction.  Changes  in  the  lake  ecosystem  brought  about  by  the  thermal 
effluent  are  complex. 

Although  as  mentioned  the  heated  water  is  generally  confined  to 
the  shallow  north-east  end  of  the  lake,  it  should  be  kept  in  mind  that 
this  area  varied  with  the  direction  and  velocity  of  the  prevailing 
winds  and  currents.  On  calm  days,  warmer  water  being  less  dense  floats 
as  a  plume  on  top  of  the  cooler  lake  water.  During  windy  weather  this 
plume  is  mixed  with  the  normal  lake  water  and  no  density  gradient  occurs 
under  such  conditions.  Temperature  differences  and  fluctuations  caused 
by  the  addition  of  a  thermal  effluent  to  the  north-east  end  of  the  lake 
have  been  described  in  detail  in  the  physical  section  of  this  thesis. 

The  heated  area  being  unfrozen  at  any  time  during  winter  exists 
as  an  open  system;  whereas,  the  remainder  of  the  lake  is  a  closed  system 
for  this  six  month  period  and  hence  the  latter  area  is  similar  to  the 
other  lakes  in  this  region  (Nursall,  1969).  Because  of  the  lack  of  an 
ice  cover  in  the  heated  area  there  are  some  differences  besides  temper¬ 
ature  between  this  region  and  the  unaffected  lake  and  these  are  described 
below. 

Turbidity  is  slightly  higher  at  the  warmer  station  4  (Fig.  7, 

Table  3)  than  at  the  cooler  station  13.  During  winter,  light  intensity 
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differences  were  great  between  station  4  and  13  (Figs.  8  and  9).  Under 
the  ice  at  station  13  only  5.7%  of  the  visible  light  actually  penetrated 
through  the  thick  covering  of  snow  and  ice  (Fig.  9).  On  the  same  date 
(April  9)  100%  of  the  visible  light  reached  the  unfrozen  water  surface 
at  station  4  in  the  heated  area.  During  summer  (July  8)  differences  in 
light  intensities  were  lower  at  both  stations  than  at  station  4  in  winter 
because  of  the  presence  of  a  more  abundant  summer  phytoplankton  population. 

During  winter  dissolved  oxygen  concentrations  differed  widely  at 
stations  4  and  13  (Table  7,  Figs.  25  and  26).  At  station  4  the  water 
surface  is  constantly  exposed  to  the  air  and  this  fact,  together  with 
the  currents,  keeps  the  warmer  water  more  aerated  than  the  cooler  ice- 
covered  normal  lake  water  (Table  7,  Figs.  25  and  26).  Oxygen  is  not 
replenished  at  station  13  because  of  the  snow  and  ice.  The  concentration 
declined  at  station  13  during  winter  until  a  saturation  of  only  4%  was 
recorded  at  a  depth  of  9.75  m.  on  two  dates  during  March  1969  (Table  7, 

Fig.  25).  Comparing  the  top  two  meters  of  the  water  column  during  winter 
at  both  stations  it  was  found  that  saturation  fell  to  49%  at  station  13 
and  63%  at  station  4  (Table  7). 

During  the  rest  of  the  year  differences  in  oxygen  concentration 
between  the  two  stations  were  less.  In  general,  surface  oxygen  concen¬ 
trations  were  slightly  higher  at  station  4  than  at  station  13,  perhaps 
because  of  the  photo synthetic  activity  of  the  macrophytes  and  replenish¬ 
ment  of  oxygen  by  currents  (Table  7,  Figs.  25  and  26).  At  a  depth  of 
two  meters  the  oxygen  was  usually  slightly  higher  at  station  13  than  at 
station  4  during  this  period. 

Some  differences  occurred  in  phytoplankton  between  the  warm  and 
cold  water.  Examining  Figures  27  and  28  of  Wheelock  (1969)  it  is  worth- 
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while  mentioning  that  a  number  of  the  species  appeared  earlier  in  spring 
at  station  4  than  at  station  13  (stations  1  and  2  of  Wheelock). 

Macrophyte  vegetation  may  also  have  a  longer  growing  season  in 
open  water.  Observations  in  winter  suggest  that  some  species  were  green 
and  evidently  photosynthesizing  in  the  heated  area  while  under  the  ice 
the  plants  were  generally  brown  and  seemingly  non- functional.  This 
longer  growing  season  could  contribute  to  increasing  the  weed  production 
of  the  lake  in  the  heated  zone  but  whether  or  not  temperature  increased 
the  rate  of  growth  is  not  known.  Even  if  temperature  did  not  speed  up 
growth  processes,  the  extended  growing  season  might  increase  the  weed 
problem  in  the  area. 

Examining  the  effects  of  thermal  pollution  on  the  zooplankton, 
the  rotifers  were  studied  in  greatest  detail.  Other  workers  are  analysing 
the  effects  of  temperature  on  the  crustaceans  and  this  group  will  not  be 
discussed  here. 

Edmondson  (1960)  has  shown  that  water  temperature  influences  the 
reproductive  rate  of  rotifers.  At  higher  temperatures  (but  not  above 
normal  lake  temperatures) ,  rates  of  reproduction  are  faster  and  life 
cycles  are  shorter  (Edmondson,  1960;  Hutchinson,  1967).  However,  these 
authors  did  not  mention  the  possible  effects,  on  reproduction  and  life 
cycles,  of  raising  water  temperatures  several  degrees  above  the  normal. 

Data  for  Lake  Wabamun  have  shown  that  temperatures  in  excess  of 
22.4  C.  (2.0  C.  above  maximum  normal  lake  temperature)  have  detrimental 
effects  on  at  least  two  species  of  rotifers  (Fig.  53,  Table  10).  Adult 
females  and  eggs  of  F,  tongisetai  normally  a  summer  species  (Hutchinson, 
1967;  Pejler,  1965),  were  never  found  at  temperatures  greater  than  22.4  C. 
Also,  the  species  had  become  a  spring  rather  than  a  summer  species  in  the 
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lake  (Figs.  34  -  36).  The  second  rotifer  which  apparently  could  not 
tolerate  temperatures  above  22.4  C.  was  N,  aovaninata^  a  cold  stenotherm 
(Carlin,  1943). 

The  other  seven  common  species  of  rotifers  were  found  in  water 
warmer  than  22.4  C.  and  exhibited  varying  degrees  of  adaptation  to  the 
heated  effluent  (Fig.  53,  Table  10).  The  colonial  species  C.  unicornis^ 
which  was  found  only  in  the  summer,  behaved  as  a  warm  stenotherm  in  the 
lake  being  found  in  temperatures  varying  from  9.8  to  25.6  C.  (Fig.  53, 
Table  10).  K,  earlinae  was  found  in  temperatures  to  a  maximum  of  26.5  C. 
Eggs  were  found  only  on  specimens  at  temperatures  in  excess  of  16.5  C. 

P.  vutgco'ia ,  a  eurythermal  species  (Pejler,  1956),  was  found  in  waters 
up  to  a  maximum  of  26.6  C.  Adults  of  K,  aodhlearis  were  found  at  all 
temperatures  recorded  at  the  four  stations  studied  in  depth  (0  -  29  C. , 
Figs.  40  and  41,  Table  10).  However,  eggs  of  this  species  occurred  only 
in  water  warmer  than  9.8  C.  and  cooler  than  26.6  C.  and  this  would  suggest 
egg  production  is  quite  temperature  sensitive  in  K.  ooohleccpis.  The 
carnivore  A,  priodonta  was  found  at  the  complete  temperature  range,  sug¬ 
gesting  that  it  is  eurythermal.  Eggs  and  adults  of  K,  longispina  and 
K.  h-iematis  also  appeared  to  survive  the  29  C.  temperature  range.  K, 
hiematis  was  described  by  Pejler  (1957)  as  a  cold  tolerant  stenotherm  but 
in  this  lake  it  is  obviously  a  eurytherm  although  it  prefers  cooler  water. 

As  well  as  mentioning  the  effects  of  increased  temperature  on  the 
rotifer  species  it  is  perhaps  important  to  consider  the  effect  of  low 
temperatures  on  egg  production  (Fig.  53).  As  mentioned  above,  three  of 
the  five  species  analysed  for  egg  production  did  not  carry  eggs  in  cooler 
water  (Fig.  53).  It  is  possible  that  these  species  would  not  be  present 
in  the  lake,  or  at  least  would  not  reproduce,  if  heated  water  had  not  been 
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present  in  winter.  During  winter  K.  coohleariB  only  produced  eggs  at 
the  wanner  stations  2  and  3  and  did  not  produce  eggs  in  the  unaffected 
lake  until  the  temperature  reached  9.8  C.  (Figs.  40  and  43).  F.  loyiseta 
did  not  produce  eggs  during  winter  in  nonnal  lake  water  until  the  temper¬ 
ature  reached  12.0  C.  in  spring  (Figs.  40  and  41).  Similarly,  K. 
eccptinae  did  not  reproduce  until  the  temperature  was  16.5  C.  and  in  fact 
eggs  were  only  found  in  the  normal  (station  12)  lake  on  only  one  occasion 
at  the  end  of  July  compared  to  three  periods  of  egg  production  at  the  two 
warmer  stations  (Fig.  43). 

Floscularia  coniferaj  a  colonial  rotifer  studied  by  Edmondson  (1946) , 
did  not  feed  or  lay  eggs  when  transferred  from  temperatures  of  18  -  20  C. 
to  water  at  10  C.  Perhaps  in  Lake  VVabamun  a  similar  effect  is  produced 
in  winter  on  the  three  species  above  (and  perhaps  others)  when  a  rotifer 
drifts  from  temperatures  of  9.8  C.  (coolest  temperature  recorded  at 
station  3)  or  higher  to  temperatures  from  0  to  4  C.  (normal  winter  lake 
temperatures).  Fix)m  this  evidence  it  is  possible  to  conclude  that  these 
three  species,  and  perhaps  others,  would  not  be  present  in  the  lake  in 
winter  were  it  not  for  the  addition  of  heated  water. 

The  fact  that  eggs  are  produced  earlier  in  the  heated  zone  suggests 
that  this  part  of  Lake  Wabamun  is  more  productive  than  the  noimal  lake. 

It  could  also  be  argued  that  this  is  also  evidence  that  the  life 
cycles  are  speeded  up.  This  apparent  increase  in  production  might  also 
be  enhanced  by  the  extended  season  of  growth  in  spring  and  fall  for 
some  of  the  rotifer  food  (e.g.,  phytopla:nkton  mentioned  above).  The 
acceleration  of  life  cycles  and  increased  production  caused  by  the 
presence  of  heated  water  would  in  turn  be  affecting  the  natural  rate  of 
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eutrophication  in  the  lake. 

If  the  operation  of  a  second  thermal  power  plant  on  Lake  Wabamun 
(opened  late  1970)  produces  similar  effects  to  the  first  one,  the 
combined  influences  of  the  two  effluents  may  perhaps  accelerate  eutro¬ 
phication.  In  a  time  when  recreational  demands  are  a  prime  consideration 
it  would  seem  unwise  to  speed  up  the  death  of  this  much  favoured  body 
of  water. 
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SUMMARY  AND  CONCLUSIONS 


An  ecological  study  was  carried  out  on  some  of  the  chemical, 
physical  and  biological  e^lie^ts  of  the  heated  water  (from  a  thermal 
power  plant)  on  the  eutrophic  Lake  Wabamun,  Alberta. 

The  lake  has  a  surface  area  of  32.5  km.^.  About  5%  of  the  lake 
surface  receives  heated  water.  The  lake  is  shallow,  having  a 
maximum  depth  of  11.6  m. 

On  calm  days  the  warmer,  less  dense,  effluent  floats  as  a  plume 
on  top  of  the  cooler  denser  lake  water.  The  effect  of  this  is  to 
produce  a  thermocline  about  0.5  -  1.0  m.  below  the  surface  of  the 
water.  On  very  windy  days  the  thermocline  is  broken  down  and 
complete  mixing  occurs,  distributing  the  heat  evenly. 

During  winter  the  heated  area  remains  ice- free.  The  shape  and 
extent  of  this  zone  depends  upon  the  strength  and  direction  of  the 
prevailing  winds. 

In  winter  100%  of  the  incident  light  reaches  the  surface  of  the 
heated  ice-free  water.  In  late  winter  (April  9)  only  5.7%  of  the 
incident  light  actually  penetrates  the  snow-ice  cover. 

Winter  oxygen  concentrations  in  the  heated  area  are  generally 
higher  than  under  the  ice  because  of  exposure  to  the  air  (by 
wind  action),  and  turbulence  from  water  flowing  out  of  the  outlet 
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7.  Turbidity  is  slightly  higher  in  the  heated  zone  than  in  the  normal 
lake  but  this  could  be  attributed  to  the  effect  of  exposure  to 
wind,  particularly  during  winter  when  an  ice  cover  is  absent. 

8.  Maximum  normal  lake  temperatures  did  not  exceed  20.4  C.  during  the 
study  period  compared  to  a  29.0  C.  temperature  recorded  at  one  of 
the  sampling  stations  (2)  in  the  warmer  water.  A  maximum  tempera¬ 
ture  of  31.8  C.  was  recorded  in  the  outlet  canal. 

9.  At  least  one  phytoplankton  species,  Ceratium  hirund'Cnella^  was 
found  to  show  preference  for  slightly  elevated  temperatures  (e.g., 
near  the  outlet)  but  least  preference  for  the  warmest  water. 
Optimum  numbers  were  found  at  21.9  C. 

10.  A  total  of  47  species  of  rotifers  was  found  in  the  lake.  Nine  of 
the  most  common  ones  were  analysed  for  temperature  effects  upon 
both  adult  populations  and  egg  production. 

11.  Kellioottia  longispim  and  Ke^atella  hiemalis  were  the  only  two 
(of  nine)  species  that  survived,  as  eggs  and  adults,  a  temperature 
range  from  0  -  29  C, 

12.  The  carnivore  Aeplanohna  priodonta  survived  the  same  temperature 
range  of  0  -  29  C.  This  species  produced  live  young. 

13.  Adults  of  Keratelta  aaohlearie  survived  the  0  -  29  C.  temperature 
range  but  egg  production  only  occurred  between  9.8  -  26.6  C. 

14.  Adults  of  Polyarthra  vulgaris  were  found  in  the  0  -  26.6  C.  range. 
Eggs  were  rarely  seen  and  hence  their  temperature  range  could  not 
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be  determined. 

15.  Adults  of  Keratella  earlincLe  survived  at  temperatures  from  0  - 
26.5  C.  but  eggs  were  produced  only  from  16.5  -  26.5  C. 

16.  The  colonial  species  Conoohitus  unioovnis  survived  temperatures 
from  9.8  -  25.6  C. 

17.  Notholoa  aauminata  and  FiUnia  longiBeta  both  survived  temperatures 
from  0  -  22.4  C.  Eggs  of  F,  longieeta  were  found  only  between 
12.0  -  22.4  C.  Eggs  of  i7.  aowninata  were  rarely  seen. 

18.  All  rotifers  survived  temperatures  up  to  22.4  C.  and  temperatures 
in  excess  of  this  were  detrimental  to  at  least  some  rotifers. 

19.  Effects  of  temperature  change  on  the  rate  of  change  of  populations 
(%/day)  were  examined  for  the  four  most  common  species  of  rotifers. 

20.  Three  species,  Kellioottia  tongispina^  Filinia  longiseta  and 
Keratella  coohlearia  showed  an  increased  positive  rate  of  population 
change  with  increased  temperature. 

21.  In  one  species,  Keratella  hiemalisj  the  rate  of  change  of  population 
decreased  with  increased  temperature. 
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APPENDIX  I 

Specific  Conductance  at  Stations  4  and  13,  in  micromhos  and  p.p.m. , 
1968-1969. 


Year 


1968 


1969 


Date 

Station 

4 

Station 

13 

mi cromhos 

p.p.m. 

mi cromhos 

p.p.m 

July  7 

385 

215.6 

380 

212.8 

Aug.  8 

380 

212.8 

— 

— 

"  20 

395 

221.2 

— 

— 

Sept.  27 

— 

— 

580 

324.8 

Oct .  10 

405 

226.8 

410 

229.6 

”  30 

410 

229.6 

400 

224.0 

Nov.  22 

405 

226.8 

— 

— 

Feb .  5 

460 

257.6 

240 

134.4 

"  19 

480 

268.8 

— 

— 

Mar.  8 

370 

207.2 

460 

257.6 

"  26 

460 

257.6 

460 

257.6 

Apr.  9 

460 

257.6 

380 

212.8 

"  28 

420 

235.2 

420 

235.2 

May  6 

400 

224.0 

420 

235.2 

"  13 

420 

235.2 
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Some  Chemical  Characteristics  of  Surface  Water 
at  Stations  4  and  13 
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APPENDIX  IV  Comparison  of  scane  chonical  characteristics  of  ice  and  sub-ice  lake  water  at  station  13 

winter  1969.  (All  readings  in  p.p.m. ,  except  temperature  in  ®C.) 
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APPENDIX  V  Comparison  of  ratios  of  some  chemical  characteristics  of  ice  and  sub-ice  lake  water 
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APPENDIX  VI 


Some  Chemical  and  Physical  Characteristics 
of  the  Outlet  Canal  (O.C.)»  Inlet  Canal  (I.C.)» 
and  Building  Products  (B.P.)  Effluent. 

(Readings  in  p.p.m.,  except  Specific  Conductance 
in  Micromhos/cm. 2,  and  Turbidity  in  J.T.U.). 
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APPENDIX  VII 


Water  Chanistry 

1970  (p.p 

.m.) 

June  19 

July 

22 

Outlet  Canal 

Sundance 

Outlet  Canal 

Sundance 

Alkalinity 

170 

180 

140 

180 

Chloride 

0.05 

0.15 

3.0 

5.0 

Chlorine 

0.02 

0.01 

— 

— 

Copper 

0.2 

0.1 

0.15 

0.15 

Calcium  Hardness 

90 

— 

70 

60 

Total  Hardness 

135 

90 

135 

120 

Iron 

0 

0 

0.025 

0.025 

Ortho- Phosphate 

0.1 

0.9 

0.8 

Silica 

0.1 

0.01 

1.7 

2.0 

Sulphate 

37 

22 

25 

18 

Turbidity 

8 

5 

10 
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APPENDIX  VIII 


Some  Chemical  and  Physical  Characteristics  of  Bottom  Sediments 

at  Lake  Wabamun,  stations  4  and  13,  1968-1969 

(Conductivity  in  millimhos/cm  1969;  *  =  lbs. /acre;  H  =  High; 

M  =  Medium;  L  «  Low) 
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APPENDIX  IX 

Preliminary  List  of  Organisms  Found  in  Lake  Wabamun 


Protista 

Aoanbhooystia  sp. 
Aoineta  laaustris 
Actinoholina  sp. 
Aatinopfirye  sol 
Aotinosphaerium  sp. 
Amoeba  goipgonia 
A,  radio sa 
Anisonema  trunoatm 
Anisonema  sp. 
Astylozoon  sp. 

Bodo  sp . 

Carohesium  sp. 
Ceratium  hirundinella 
Chilodonella  sp. 
Chlamydomonas  sp. 
Chryeamoeba  sp. 
Ciliophrye  sp. 

Coleps  ootoepime 
Colepe  spp. 
Cryptomome  sp. 
Cyolidim  sp. 

Didinim  sp. 

Dileptus  sp. 
Entoeikphon  obliquem 
Euglena  vcadabilie 
Euglena  spp. 

Euptotee  sp. 
Exuviaetla  sp. 


Flabellula  sp. 
Glenodinivm  oinoiTum 
Gonyaulax  sp. 
Gymnodinium  sp. 
Lagenoaera  sp. 

Naegleria  sp. 

Nassula  sp. 

Nephroselmie  sp. 
Notoeolertue  sp. 
Ophryditan  sp. 

Oxytrioha  bifaria 
0,  fallax  ? 

Parameoium  sp. 
Pelatomonae  aeymetrioa 
Peranma  sp . 

Peridinim  sp. 
Petalomnaa  sp. 

Phaootue  sp. 

Phaaue  longioauda 
Phaoue  sp. 

Pleuromonae  sp. 
Peilotrioha  sp. 
Pteromonae  sp. 

Soyphidia  sp. 

Stentor  sp. 

Stylonyohia  sp. 
Symnodinium  sp. 
Traohelomoms  sp. 
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APPENDIX  IX  (Cont’d) 

Triohamoeba  Umax 
Tropidoeayphus  sp. 
Uroteptus  sp. 
Vaginiaola  sp. 
Valkampfia  Umax 
Valkampfia  sp. 
Vovtiaella  neuatonii 
VoTtiaella  sp, 

+  Unidentified  spp. 


INVERTEBRATA 

Porifera 

Spongilla  sp. 

Coe 1 enter at a 

Chlorohydra  hadleyi 
Hydra  oanadeneis 
H,  oarnea 

Turbellaria 

Cura  foremanii 
Dugeaia  tigrina 
Gyratrix  hermaphrodiua 

Nematoda 

Unidentified  spp. 
Gordiida 

Unidentified  spp. 

Gastrotricha 

Chaetonotua  sp. 

Rotifera 

Aaoomorpha  eaaudia 
A,  minima  ? 

I 

A,  aaltana 


Aaoomorphelta  (^Hertwigia) 

.  -  ,  .  j  .  volvooioola 

Aaplanahna  pr^odonta 

Braohionua  patutua 

Cephalodella  sp, 

Chromogaater  ovalia 

Collotheaa  pelagioa 

Colurella  sp. 

Conoahiloidea  exiguua  ? 

Conoohilua  hippoarepia 

C»  unioornia 

Dipleuahtania  sp. 

Enaentrum  sp. 

Eothinia  sp, 

Epiphafiea  sp. 

Euohlania  sp. 

Fitinia  longiaeta 

Gaatropua  hyptopua 

G,  aty lifer 

Kellioottia  longiapina 
Keratella  oodhlearia 
K*  earlinae 
K»  hiematia 
Leoane  tuna 


Mikrooodidea  dhlaena 
Monoatyla  sp. 

Mytilina  sp. 

Notholaa  acuminata 
N,  foliacea 
Ploeaoma  lentioulare 
Polyarthra  euryptera 
P,  rematra 
P.  vulgaria 
Scaridiim  longioaudum 
Sinantherina  sp. 
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Squatinella  sp. 

Synohaeta  peotinata 
Testudinella  sp. 

Triahoaeroa  dixon-nuttalli 
T.  tongiseta 
T.  multiarinis 
T.  poraelUiS 
T-piohotria  pooittum 
T,  tetraotis 

Troahosphaera  aequatorialie 
Bryozoa 

Crietatella  rmoedo 
Fvedrioella  sultana 

Tardigrada 

Maorobiotus  sp. 


Simooephalua  eerrulatua 
S,  vetulua 

Copepoda 

Cyclopa  biouspidatua  thanaai 
C.  vemalia 
Diaptomua  oregonenaia 
Buoy clop  a  apevatua 

Ostracoda 

Unidentified  spp. 

Malacostraca 

Gcamarua  laauatria 
Eyalella  azteca 

Insect a 


Oligochaeta 

Aeloaoma  sp, 

Ccanharanioola  maarodonta 
Tubifex  sp. 

Hirudinea 

Unidentified  spp. 

Cladocera 

Boamina  longiroatria 
Ceriodaphnia  retioulata 
Daphnia  galeata  mendotae 
D,  retroourva 
D,  roaea 

Diaphanoaoma  leuohtenbergiartum 
Eupyoevaua  lamellatua 
Leptodora  kindtii 
Sida  Qpyatallina 


Ephemeroptera 

Caenia  avnulana 
Unidentified  spp. 

Hemiptera 

Unidentified  spp. 

Trichoptera 

Unidentified  spp. 

Diptera 

Chaoborua  spp. 

Chironomidae 

Ablabeamyia  monilia 
Calopaeatra  aonfuaa 
Chironomua  sp. 
Diconeaa  sp. 
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APPENDIX  IX  (Cont'd) 

Pavalautevbormietla  sp. 
Potypedilwn  sp. 
'Prootadiua  sp. 
Tantarsus  sp. 
Unidentified  spp. 

Acari 

Unidentified  spp. 


Chilidoniaa  niger 
Gccoia  timer 
Pandion  hatiaetua 
Peteoanua  erythrorhynooa 
Podioepa  oaaptoua 
Sterna  hirundo 

Xanthooephatua  xanthooephalua 


Mollusca 

Anodonta  sp. 
Eelioaoma  anoepa 
Lymnaea  atagruxlia 
Menetua  ditatua 
Phyaa  heteroatropha 
Piaidiwn  sp. 
Sphaerium  sp. 


Manunalia 

Ondatra  ztbethioua  apatutatua 


VERTEBRATA 

Pisces 

Cataatomua  oomerBonii 
CoregonuB  olupeafomia 
Culaea  inoonatariB 
Ebox  luoiuB 
EtheoBtoma  exile 
Lota  lota 
Eotropie  hudaoniue 
Peroa  flaveaoenB 


Aves 

Aeohnophorua  oaoidentalia 
Agelaiua  phoenioeua 
Anaa  platyrhynohoa 
Bucephala  sp. 
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